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“This is what 


we've been 
looking for”... 
ay leading Ophthalmologists. 
Developed with the valuable ad- 
ivice of Dr. Harvey Thorpe, this 
all-new Bausch & Lomb instru- 
ment provides a degree of speed 
land precision in critical diagnosis 
heretofore unknown. Among 
many new features: 
| One-hand “joystick” control, 
igiving synchronized focus of mi- 
|croscope and slit on any part of 
the eye... 
New “click-set” line-and-dot 
Isetting . . . speeds examination . .. 
New wide-field microscope has 
long working distance and large 


prefocused lamp, together with 
fluoride coated optics assures new 
brilliance and illumination. 
These are just a few of the 
features that have won such en- 
thusiastic approval of the new 
Bausch & Lomb Thorpe Slit Lamp 
p at preliminary showings. Ask your 
distributor for a demonstration. 
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GLAUCOMA 


AN EVER-WIDENING CIRCLE OF THERAPEUTIC INFLUENCE 


Well-tolerated, virtually nontoxic, easily administered, unique carbonic 
anhydrase inhibitor, DIAMOX has proved highly effective—significantly reduc- 
ing intraocular pressure in various types of glaucoma: acute congestive 

diagnostic glaucomatous crisis, simple glaucoma not responsive to miotics, and certain 
secondary glaucomas. 


preoperative Suggested dosage of DIAMOXx for most ophthalmologic conditions is 5 mg. per 
ti kg. every six hours day and night. In severe glaucomatous crises the intra- 
postopera IVE venous form may provide quicker reduction of global pressure. 


Supplied: Scored tablets of 250 mg.; Syrup containing 250 mg. per 5 cc. 
teaspoonful; vials of 500 mg. for parenterai use. 


LEDERLE LABORATORIES DIVISION, AMERICAN CYANAMID COMPANY, PEARL RIVER, NEW YORK t Lederie) 
*Reg. U.S. Pat. Off. 


| 


IMPROVED 
BONE SAW 


for the 
OPHTHALMOLOGIST 


. . « is an indispensable aid in performing dacryocystorhinostomies 
and the Kronlein operation. This efficient bone saw combines these latest 
refinements developed to best implement the surgeon's skill: 

© LIGHT WEIGHT e MANEUVERABLE 
FEATURES of the © CONVENIENT TO HOLD © ACCURATE 
STRYKER © VERSATILE ° TIME SAVING 


BONE SAW © SAFETY—will not cut or injure the nasal mucus mem- 
pri brane or other adjacent soft tissue. 


Illustrating use of the 
lliff Trephine for dacry- 
ocystorhinostomies. 


Illustrating use of the 
small sectioned blade in 
cutting a bony flap in 
the lateral orbital wall. 


ORTHOPEDIC FRAME COMPANY 

420 ALCOTT AVENUE, KALAMAZOO, MICHIGAN 

0 Send me the Ophthalmologist Bone Saw on approval. 
O Send me a brochure and reprint by Charles E. Iliff, M. D. 


0 Send me a reprint of the article entitled “Dacryocystor- 
hinostomy with Polyethylene Tubing: A Simplified Tech- 
nique” by Dr. G. Bonaccoloto. 


PRICE: Ophthalmologist Unit Group 
No. 4 includes 3 blades and 2 tre- 
phines $234.00 
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DESIGNED FOR YOUR MOST 
EXACTING REQUIREMENTS 


ETHICON] NEEDLE suTURES 


g hand-finished Micro-Point® needies 


@ unequaled sharpness by hand honing 


a 40% greater strength 
@ increased stability in needle holder 


@ reduced tendency to cut out of tissue 


ETHICON EVE SUTURES with Tru-Tempered reverse cutting needies 


for maximum strength and minimum tendency to cut out of tissue. 
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integrate your knowledge— 
subscribe to 


A. M. A. Archives of 
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INTERNAL MEDICINE 


A. M. A. Archives of 
OPHTHALMOLOGY 


A. M. A. Archives of 
OTOLARYNGOLOGY 


For a more complete reference shelf, we 
recommend these related journals. The 
variety of fields covered are especially ap- 
pealing to the general practitioner with 
special interests. Each issue is important 
to your practice. Begin your subscriptions 
TODAY. 


Department (D. C.) 

AMERICAN MEDICAL ASSOCIATION 
535 N. Dearborn St. 
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Begin my subscription(s) NOW, for: 


535 North Dearborn Street © 


WHAT WE KNOW ABOUT ALLERGY 

by Louis Tuft, 12 pages, 15 cents 

HOUSE DUST ALLERGY 

by Karl D. Figley, 8 pages, 15 cents 

FOOD ALLERGY 

by Samuel M. Feinberg, M.D., 6 pages, 10 cents 
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by Samuel M. Feinberg, M.D., 6 pages, 10 cents 
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by Samuel M. Feinberg, M.D,, 6 pages, 10 cents 
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by Oren C. Durham, 2 pages, 5 cents 
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SO YOU CAN'T SLEEP? 
by P. H. Fluck 
8 pages, |5 cents 


SLEEPLESSNESS AND WHAT TO DO 
ABOUT IT by Donald A. Laird, Ph.D. 
8 pages, |5 cents 


ROADS TO RELAXATION 
by Joseph L. Fetterman, M.D, 
4 pages, 10 cents 
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Tomorrow is here today! 


Rocket Age 
Refracting Room 


Don't miss the amazing 
Booths 105-107 


: American Academy of 
| Ophthaimology and Otolaryngology 


New ideas — new designing 
— new products 


OPTICAL COMPANY 


Paimer House + Chicago 
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A NEW SERIES IN 


SEX EDUCATION 


Titles in the new series ee 


© PARENTS” PRIVILEGE 
for of f young 
e@-schoo!l and early j 


A STORY ABOUT YOU 
for children in grades 4, 5, and 6 


© FINDING YOURSELF 

for boys and girls of 
approximately junior high 
ool age 


® LEARNING ABOUT LOVE 
for young people 
of both sexes (about 16 to Yost eh 
20 years of age) 


FACTS AREN'T ENOUGH 
for adults who have any “2.2. = 
responsibility for children 
or youth that may create << 
need for an understanding 


of sex education 


Prices of quantity orders of any 
SINGLE title 


ORDER BLANK 


Enclosed is $__mtm_(no stamps) for the following pamphlet(s): 
Title Quantity 
1. PARENTS’ PRIVILEGE 
2. A STORY ABOUT YOU 
Prices of quantity orders of SETS 3. FINDING YOURSELF 
Single set 4. LEARNING ABOUT LOVE 
5. FACTS AREN'T ENOUGH 
Complete set of five 


Please send pamphlet(s) to: 
(Please Print) 


Distributed by Order Department Name 
Street 


AMERICAN MEDICAL ASSOCIATION | city 


535 N. Dearborn St. Zone 
Chicago 10, til. 
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30 One Two Three 
Minutes Hour Hours Hours 


Prolonged control 
in glaucoma therapy 


Demonstrating 
the 

advantages 
ofa 
methyicellulose 
menstruum 


Laboratory research* demonstrates that 
ISOPTO® CARPINE effects a greater degree 
and significantly more prolonged duration of 
miosis than a non-Methyicellulose solution. 


*Animal experimentation 


0.25% 
rhinologic ISOPTO CARPINE 


and stenie Sterile Ophthalmic Solution 

PILOCARPINE HYDROCHLORIDE 

specialties WITH 0.5% METHYLCELLULOSE. 
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ISOPTO ESERINE 0.25% 


Sterile Ophthalmic Solution 0.5% 


ESERINE SALICYLATE WITH 
0.5% METHYLCELLULOSE. 


sterile - well stabilized - minimal irritation 
+ untform - pH and tonicity adjusted 


ALCON LABORATORIES. Inc supPLieo: ISOPTO® CARPINE 
FORT WORTH 15ce Drop-Tainer® 


ISOPTO® ESERINE 
Alcon products are readily available to 15ce Drop-Tainer® 
pharmacies from their Service Wholesale 
Drug Suppliers in the U.S. and Canada. ISOPTO® DESIGNATES ALCON STERILE OPHTHALMIC 
Export Dept.: 120 S. LaSalie St., Chicago PREPARATIONS CONTAINING METHYLCELLULOSE 
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TO TREAT THE PATIENT...THE PATHOGEN...THE INFLAMMATORY PROCESS 


New Predmycin Ophthalmic Solution, containing prednisolone, neomycin and a 
decongestant, provides unsurpassed three-fold therapeutic attack against infectious 
and inflammatory eye disorders: 


® for the patient: Phenylephrine HCl for rapid improvement of the eye’s appearance 


8 for the pathogen: Neomycin sulfate for its wide antibacterial effectiveness against 
most pathogens responsible for ocular infections 


= for the inflammatory process: Prednisolone for its rapid and effective action in 
checking destructive inflammatory reactions to ocular trauma. 


Predmycin combines prednisolone alcohol 0.2%, neomycin sulfate 0.5%, and phenyl- 
ephrine HC] 0.12%, in a sterile, lubricating solution—for optimal control of infectious, 
inflammatory and allergic conditions of the eyelids, conjunctiva, cornea, sclera, uveal 
tract, and following thermal or chemical burns. 


DOSAGE: | to 2 drops in the eyes two to four times a day. 


SUPPLY: In 5 cc. all-plastic dropper bottles—on prescription only. 


ALLERGAN CORPORATION Los Angeles 17, California: 
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Interstitial keratitis, Stills disease, scarred or 
infiltrated corneas are all conditions which will 


usually result in a lowered level of acuity. 


to 
partially The lowered level of acuity is generally associated 


sighted eee with the primary pathology, but often a secondary 
factor is contributing to the poor vision. This 


secondary factor, an irregularity of the corneal surface, 
may be corrected with a contact lens. The contact lens 
transforms the anterior surface of the precorneal fluid 


into a regular, spherical curve, thereby allowing a more 
uniform focus of the rays of light entering the eye. With 


this aid, many subnormal vision cases can look forward 
to more normal achievement through improved acuity. 


The Piastic Contact Lens Company 
Dedicated to Knowledge and Research 


59 E. MADISON ST. + CHICAGO 3, ILLINOIS 
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Youll Find Practical, Clinical AAduice in “There 


Vinee Outstanding Mosby Ophthalmologic Titles 
Just Published! 


2nd Edition, Sorsby, SYSTEMIC OPHTHALMOLOGY 
Broadens Your Knowledge of Problems of the Eye as Related to Systemic Disease 


New! 


Allen, STRABISMUS OPHTHALMIC SYMPOSIUM II 


Gives You the Clinical Advice on Cause and Treatment 


Haik, SYMPOSIUM ON DISEASES AND SURGERY OF THE LENS 
Explains Vitreous Changes, Wound Healing and Complications in Cataract Surgery 


The 


Favorite Bookstore or Order on 10 Da 


C. V. MOSBY Company 


3207 Washington Boulevard, St. Louis 3, Missouri 


The newly released 2nd edition of SYSTEMIC OPHTHALMOLOGY, edited | 
Professor Arnold Sorsby, provides up-to-date coverage on all general aspects <« 
eye disease with their many surgical, obstetrical, metabolic, dermatological ar 
other implications. Broader in coverage and incorporating new chapters on subject 
where ps nen in the field has been particularly rapid, this English title now contair 
the writings of 34 contributors selected for their leadership in ophthalmology, surger 
internal medicine, neurology, allergy and physiology. This 701 page volume provide 
comprehensive discussions of ophthalmologic problems and complications whic 
occur in connection with rare and common diseases, and includes 301 photograpl 
and drawings to help re in diagnosis and to demonstrate methods of treatmen 
Although the book’s subject matter is “weighty,” the masterful editing of Professc 
Sorsby makes this voiume a highly readable reference. 
Edited by ARNOLD SORSBY, Research Professor in Ophthalmology, Royal Collegj 
of Surgeons and Royal Eye Hospital; Surgeon, Royal Eye Hospital, London. Ju: 


a znd edition, 701 pages, 644” x 944”, 301 illustrations, 24 in color. Pric 


STRABISMUS OPHTHALMIC SYMPOSIUM II represents the vast personal e: 
periences of the eight noted ophthalmologists who participated in the Secon 
Strabismus Symposium and who appraised the material given by each other. I 
structively illustrated with 251 photographs and drawings, this book gives you a 
enlightening analysis of current information on the cause and treatment ¢ 
strabismus—including advanced thinking on physiology of ocular muscles, mioti 
therapy of strabismus and new methods of vision training. These well qualifie 
contributors review the embryology, anatomy, physiology and neurology of th 
ocular muscles with you. They discuss the sensory physiology of the oculz 
motility and binocular vision and explain the mechanisms of development of at 
normalities of ocular motility and binocular vision. 

Edited by JAMES H. ALLEN, M.D., Professor and Chairman of the Departme 
of Ophthalmology, School of Medicine, The Tulane University of Louisiana. Co 
tributers: FRANCIS HEED ADLER, M.D., University of Pennsylvania Medica 
School; HAROLD WHALEY BROWN, M.D., New York University, Post-Graduat 
Medical School; HERMANN M. BURIAN, M.D., State University of Iowa Medica 
School; FRANK D. COSTENBADER, M.D., Georgetown University School o 
Medicine; WALTER H. FINK, M.D., Minneapolis General Hospital; GEORGE I 
GUIBOR, M.D., Ryburn Memorial Hospital, Ottawa, Illinois; PHILIP KNAPP, M.D 
Columbia University College of Physicians and Surgeons; KENNETH C. SWAI 
M.D., University of Oregon Medical School. New. 1958, 552 pages, 634” x 934”, 25 
illustrations. Price, $16.00. 


Evolved from the proceedings of the Fifth Annual Session of the New Orlean 
Academy of Ophthalmology, this book is an accumulation of the most moder 
concepts and efficient techniques of management of diseases and surgery of th 
lens. Well written by noted ophthalmologists who are both teachers and clinician 
and instructively illustrated, this valuable book brings together the changes on 
encounters in the vitreous in cataract surgery and wound healing and its complica 
tions in cataract surgery. Dr. Haik’s book is a working blueprint on diagnosis 
classification of cataracts, surgery of congenital and complicated cataracts, norma 
healing, complications and vitreous changes after cataract extraction. 
Edited by GEORGE M. HAIK, M.D., F.A.C.S., Diplomate, American Board o 
Ophthalmology; Professor of Ophthalmology and Head of the Department, Louisian# 
State University School of Medicine; Ophthalmic Surgeon, American College o 
Surgeons; Member, American Academy of Ophthalmology and Otolaryngology 
Associate Editor, ELIZABETH M. McFETRIDGE, M.A.: Art Editor, DO! 
ALVARADO, Assistant Professor of Medical Illustration and Head of the De 
partment, Louisiana State University School of Medicine. 1957, 260 pages 
6%” x 9%4”, 233 illustrations. Price, $10.50 


Improved treatment of glaucoma 
with a new, highly potent 


carbonic anhydrase inhibitor 


DARANIDE 


Dichlorphenamide 


Tablets 


inhibits aqueous humor formation—lowers intraocular pressure 


«reduces danger of metabolic acidosis 

eminimal loss of effectiveness, 
even with long-term use 

«smooth control—few side effects 

«low dose effectiveness—less than with other 
carbonic anhydrase inhibitors 

emay be effective when other therapy, 
including miotics, has failed or 
has not been tolerated 

e effective orally—unsurpassed absorption 
after oral administration 


MERCK SHARP & DOHME 
DIVISION OF MERCK & CO., Inc., PHILADELPHIA 1, PA. 
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*DARANIDE' 
Tablets 


Dichlorphenamide 


DESCRIPTION 


*‘Daranide’ is a new, orally effective, potent 
carbonic anhydrase inhibitor. Because of its 
marked inhibitory effect on this enzyme in the 
eye, "Daranide' is a therapeutic agent of con- 
siderable value in reducing the increased 
intraocular pressure in many types of glaucoma. 


CHEMISTRY 


*Daranide', a dichlorinated benzenedisulfona- 
mide, is known chemically as 1,3-disulfamyl- 
4,5-dichlorobenzene and is designated by the 
generic name of dichlorphenamide. It has the 
following structure: 


SO2NH> 


cl 


MODE OF ACTION 


‘Daranide' is primarily carbonic anhydrase 
inhibitor; i.e., it interferes with the cata- 
lytic activity of this enzyme, which is 

concerned with the formation of H+ and HCO,;— 

ions and the conservation of base as sodium bicar- 
bonate. Under the influence of 'Daranide' the 
renal excretion of sodium, potassium, and bicar- 
bonate is increased and an alkaline urine is 
produced. However, this compound also has the 
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advantage of causing a definite increase in 
chloride excretion. Partially as a result 

of the greater excretion of chloride, ‘Daranide' 
does not produce metabolic acidosis as readily 
as other compounds of this nature. Further- 
more, in animal studies 'Daranide’ has been 
Shown to maintain its essential activity over 
the course of weeks or months. 


The compound does not appear to be concentrat- 
ed in gastric mucosa in sufficient amounts 

to influence materially the activity of car- 
bonic anhydrase in this tissue. Thus, in 
dogs, gastric motility or secretion is not 
affected to any significant degree by the 
administration of ‘'Daranide’. 


PHARMACOLOGY 


‘Daranide' is uniformly and well absorbed 
following its oral administration; it is es- 
sentially as active when given orally as 
parentorally. The enhancement of sodiun, 
potassium, and chloride excretion by the oral 
administration of a single dose is rapidly 
manifested and persists for a number of hours, 
indicating a prolonged duration of action of 
the compound. The urinary pH is elevated as 
the result of sustained bicarbonate excretion. 
However, greater chloruresis and less acidosis 
are induced than with other carbonic anhydrase 
inhibitors, with consequent greater efficacy 
on repeated administration. The natriuretic 
effect of ‘Daranide' has been observed even 
after 10 weeks of continued administration to 
dogs. The activity of 'Daranide' is not im- 
paired in the presence of an acid urine such 
as that accompanying the administration of 
ammonium chloride. 


‘Daranide' has a low inherent toxicity when 
administered orally or parenterally to labora- 
tory animals. The compound has been given 
orally to dogs and rats over a period of at 
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least six months with essentially no evidence 

of toxicity. Pharmacologic investigation 
indicates an absence of irritating effect on 

the mucosa of the eye as demonstrated by a 

lack of local anesthetic activity or irri- 

tation when a l per cent concentration of the drug 
(suspended in tragacanth) is instilled into the 
conjunctival sac of the rabbit eye. 


CLINICAL EVALUATION 


Effect on Intraocular Tension 


Studies in humans have demonstrated that 
‘Daranide' administered orally reduces intra- 
ocular pressure in both glaucomatous and 
nonglaucomatous eyes. The onset of action 
following a single dose is within an hour and 
maximal effect is observed within two to four hours. 
The lowered intraocular tension is maintained for 
approximately six hours. It has been possible 

to control excessive intraocular pressure in 
patients with glaucoma for a period of many 
months by the daily combined use of 'Daranide' 
and miotics. Tonographic studies have shown 

that "Daranide’' lowers intraocular pressure by 
inhibiting the formation of aqueous humor in 
normal as well as in glaucomatous eyes. 


Effect on Electrolytes 


In the human as in the laboratory animal, 'Daranide' 
enhances the excretion of sodium, potassium, bicar- 
bonate, and water. An increased chloride excretion 
greater than that following the use of other car- 
bonic anhydrase inhibitors is also observed with 
‘Daranide'. This enhanced excretion of chloride 
explains, at least in part, the continued efficacy 
of "Daranide’ with repeated administration and the 
lesser propensity for the development of metabolic 
acidosis. 


As is the case with all carbonic anhydrase inhib- 
itors, '‘Daranide' in high doses causes some 
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decrease in renal blood flow and glomerular 
filtration rate. 


INDICATIONS 


, "Daranide' is indicated for oral treatment 
of various types of glaucoma: 


chronic simple (wide angle) glaucoma 

acute congestive (narrow angle) glaucoma 

chronic congestive glaucoma 

secondary glaucoma (acute phase) 

preoperative control of intraocular 
tension of glaucoma 


DOSAGE 


; The usual adult dosage range is from 25 to 50 mg. 
(% to 1 tablet) once to three or four times 
daily. Dosage must be carefully adjusted to 

meet the requirements of the individual patient. 


Therapy with 'Daranide' is usually most success- 
ful when employed in conjunction with miotics 
such as pilocarpine, physostigmine, ‘Floropryl' 
(isoflurophate), or 'Carcholin' (carbachol). 

In acute congestive glaucoma, 'Daranide,’ with 
miotics, should be administered promptly in an 
attempt to bring about rapid reduction of 
intraocular tension. If this is not quickly re- 
lieved, surgery may be mandatory. In chronic 
congestive glaucoma, surgery may be neces- 

sary if the intraocular tension is not brought 
successfully under control after an adequate trial 
period of therapy with 'Daranide’. 


PRECAUTIONS 


i & Since 'Daranide' is a carbonic anhydrase inhibi- 
tor, certain side effects characteristic of this 
class of compounds will occur, particularly in 

| the higher dosage ranges. These effects may in- 
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clude anorexia, nausea, vomiting, nervousness, 

lassitude, depression, confusion, disorientation, 

sedation, dizziness, ataxia, tremor, tinnitus, 

paresthesias, and pruritus. Fortunately, the 

therapeutic amount of 'Daranide’ required for 
most patients is well beneath the level that oo 
will produce these effects. When they do occur, 

reduction of dosage or temporary discontinuance . 
of the drug is indicated. . 


electrolyte balance of the patient during ther- 
apy with ‘Daranide’, as with patients on any 
other carbonic anhydrase inhibitor. 


It is essential to keep a close check on the ‘ ns 


SUPPLIED 


"Daranide’ Tablets, 50 mg., bottles of 100 and 
1000. 
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Here is the common-sense answer to the 
psychological problems of the early presbyope.. . 


Every refractionist is faced from time to time with 
the early presbyope who views multifocal lenses 
as a sign of encroaching age. While not a 
physical problem, it is nevertheless an important 
psychological one, not at all limited to those 
who by virtue of profession (such as theatrical 
people), must not show their dependence 

upon presbyopic aids. 


After years of clinical research, laboratory 

experimentation and testing, a fool-proof form of 

invisible-segment lens has been perfected—the 
Younger Seamless Bifocal. 


The Younger Seamless Bifocal is a one-piece 
achromatic lens with the reading curve on the 
anterior surface. The usual dividing-line formed 
by the segment edge is obliterated by a precisely- 
calculated transition curve between the 

distance and reading curves. While this transition 
area, which varies in width with the reading 
power, has no therapeutic value, neither does it 
create a disturbing factor in the patient’s vision. 


Most important from the refracting standpoint is 

the fact that a clear, sizable, prescription- 

perfect reading area is provided, with a readily- 

neutralized, undistorted distance area .. . and 

there is no apparent sign of the usual dividing- 
line between the two powers! 


Younger Seamless Bifocals are available in Adds 
from +0.75D to +3.00D, in White, Tint +1 

and Green #3, through your optician or 

supply house. Technical information and a demon- 
stration lens will be sent you upon request 

direct to any authorized Younger supply house. 


O U N MANUFACTURING 
: COMPANY 
182) South Main Street. - Los Angeles 15, Calif. 


*Mfg. Proc. Pat. Pending 
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Virtually Nonsensitizing—Dorsacaine is 
virtually nonsensitizing and can often be 
used in patients suffering from allergy 
or sensitivity to other “caine” products. 
“Hypersensitivity reactions have been 
notably lacking... 


Rapid Onset of Action—In clinical trials 
Dorsacaine produced more rapid anesthesia 
with significantly less stinging, smarting or 
burning than similar products. 


Significantly Less Irritation—There is 
practically no insult to tissue.! “‘...clinical 
experiments comparing the subjective and 
objective response of patients to the use of 
dorsacaine (0.4%) and [other products] 
demonstrate clearly that dorsacaine is less 
irritating...and that it is a most effec- 
tive surface anesthetic for ophthalmic use.”” 


Flexible Duration of Anesthesia— 
Surface anesthesia with Dorsacaine is 
proportional to dosage, and it has been 
demonstrated to last an average of eighteen 
minutes. The time can be shortened if 
normal saline solution is instilled after tests 


WELL TOLERATED, RAPID ANESTHESIA 
VIRTUALLY NONSENSITIZING 


are completed. And Dorsacaine, 0.4%, is 
supplied in plastic bottles which arora 
smaller drops than do ordinary droppers. 
Thus anesthesia of only 9 minutes (1 drop 
in each eye) has been achieved. 


Good Penetration of Epithelium— 
Dorsacaine penetrates the epithelium effec- 
tively but gently. Dorsacaine will not affect 
pupillary size or reactions, intraocular ten- 
sion accommodation. 


Versatility—Uses for Dorsacaine include 
a variety of procedures, minor surgery 
among them: A 0.4% Dorsacaine solution 
is indicated for tonometry, fitting of contact 
lenses, irrigation of the lacrimal sac, for 
removal of superficially attached and 
embedded foreign bodies, gonioscopy, 
probing of lacrimal excision of 
, removal of sutures and pterygia. 
Average dose: For tono , 2 drops; for 
minor surgical procedures, 2 ops instilled 3 
times at 90 second intervals. 


Supplied: In 44 oz. plastic dropper bottles. 


DORSACAINE’ 


(benoxinate) 
HYDROCHLORIDE 


1. Schlegel, H. E., 


SMITH-DORSEY ~ Lincoln, Nebraska + a division of The Wander Company 


dr., and Swan, K. C.: A.M.A. Arch. Ophth. 51:663 (May) 1954. 
2. Emmerich, R.; Carter, G. Z., and Berens, C.: Am. J. Ophth. 40:841 (Dec.) 1955. 


A: check the advantages* 


NEW. IMPROVED CURPAX 


Vanderbilt Projection Perimeter for quicker, 


easier, more thorough testing! 


retractable rod and spring-loaded 
chinrest permit more positive 
positioning of patient;* 


direct reading charts* 
are easily inserted or removed 
from paddle holder; 


both fields may be plotted di- 
rectly on one chart*—with- 
out removal from holder; 


arc holds positive position for 
recording at every 15 
degrees;* 


built-in control assures easy 
centering and focusing of light; 
built-in transtormer and 
switch* eliminate extra equip- 
ment on or under table; 


improved bayonet - type bulb; 


less expensive,* and 


perimeter fits any standard 
table*— no special table needed, 
no overhang of chinrest. 


on sale in 


our Instrument Department at Che House of Vision Inc. 


137 North Wabash ¢ Chicago 
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SPECIALTY JOURNALS 


PUBLISHED MONTHLY 
BY THE AMERICAN MEDICAL ASSOCIATION 


=f) 
: 
each journal offers 


the latest medical findings by 
outstanding authorities in 

its special field . . . 

of value not only 

to the specialist but 

to the general practitioner as well 


to order your subscription to one of the A.M.A.’s 
specialty journals use the form below 


AMERICAN MEDICAL ASSOCIATION Outside 
535 North Dearborn Chicago 10 ‘APO's 
Please enter my subscription to the specialty journal checked at right. 1 AMA. Arch. Neurology and 
jemittance fer one twe years is enclosed. CAMA. Arch. Dermatology... 12.00 12.50 13.50 
Start my subscription with the next Issue. () AMA. Arch. Industrial Health. 10.00 10.50 11.50 
(AMA. Arch. Internal Medicine 10.00 10.50 11.50 
NAME CAMA. Jrl. Diseases of Children 12.00 12.50 13.50 
CAMA. Arch. Surgery ....... 14.00 1450 15.50 
ADDRESS. CAMA. Arch. Pathology ...... 10.00 10.50 11.50 


CITY. ZONE STATE. CO AMA. Arch. Otolaryngology... 14.00 14.50 15.50 
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A.M.A. Arch. Ophthalmology... 12.00 2.50 13.50 


MODERN TRIAL SETS FOR THE MODERN OFFICE 


THE US #32 


t 
‘ 


These attractive Trial Sets are available in either limed oak or hand-rubbed ma- 
hogany trays. Custom-built cases of the same finishes can be provided, if required. 


The lenses are firmly fixed in duraluminium holders which are anodized in silver, 
red or black. The holders fit any standard trial frame. 


The vertex corrected lenses are 22 mm. diameter plano convex and plano concave 
with an aperture of 20 mm. for all powers: 


US #32 


DIMENSIONS: 
21%" x 12" x A" 


STANDARD 


DIMENSIONS: 


US #2 


DIMENSIONS: 
16," x 13" x 1A" 


Contents: 248 lenses 
35 prs. +-/-Sphs. 
0.12-20.0D 
21 prs. +/-Cyls. 
0.12- 8.0D 
16 Prisms 
8 Accessories 
Price: $432.00 


Contents: 225 lenses 

33 prs. +/-Sphs. 
0.12-20.0D 

19 prs. +/-Cyls. 
0.12- 6.0D 

8 Prisms 

9 Accessories 


Price: $385.00 


Contents: 148 lenses 
24 prs. +/-Sphs. 
0.12-16.0D 
10 prs. +/-Cyls. 
0.12- 4.0D 
3 Prisms 
9 Accessories 
Price: $260.00 


DISTRIBUTORS: 


CHICAGO: 
WASHINGTON: 
SAN FRANCISCO: Jenkel-Davidson Optical Co. 
LOS ANGELES: 
PITTSBURGH: 


ST. LOUIS: 


The House of Vision, Inc. 
Edmonds, Inc. 


Superior Optical Supply Co. 
The Doig Optical Co. 
Ostertag Optical Service, 'nc. 


Please ask our distributors, or write direct, for full information. 


CURRY & PAXTON, INC. 


866 Willis Avenue 
Albertson, N. Y. 


“Helping the World to Better Vision” 
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PACK MINIMS. STERILE 


Absolute sterility ll of the 
Minims unit is assured by the pliofilm over- 
wrap. 


usual admini 


Ophthalmic drugs available 

in the Minims package: 
ATROPINE SULFATE 1% 
ATROPINE SULFATE 2% 
ESERINE SALICYLATE 0.5% 
ESERINE SALICYLATE 0.25% 
PILOCARPINE HCI 1% 
PILOCARPINE HCI 2% 
FLUORESCEIN SODIUM 2% 
HOMATROPINE HBr 2% 
HOMATROPINE HBr 
PHENYLEPHRINE HCI 2.5% 
PHENYLEPHRINE HCI 10% 
SCOPOLAMINE HBr 0.2% 
TETRACAINE HCI 0.5% 


MINIMS... 
administration unit for. . 

SURGERY 
OPHTHALMOLOGICAL OFFICES 
HOSPITAL WARDS 

INDUSTRIAL MEDICINE 
EMERGENCY ROOMS 

PATIENT USE 


particularly valuable 


STERILE 
OPHTHALMIC DROPS 
IN 
DISPOSABLE UNITS 


Each unit contains the number of 
drops commonly used per applica- 
tion. 


Minims solutions remain stable 
for an indefinite period. 


For further information or litera- 
ture write or phone: 


895 KIFER ROAD 
SUNNYVALE, CA 
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REFRACTION... 


in a fraction 
of the time 


with AO’s NEW Rx Master Phoroptor 


AO’s Rx Master Phoroptor answers the prob- 
lem you face every professional day—how to 
pent as many patients as possible and yet 
give each individual the very best attention 
possible. 

The Rx Master is 
quick and accu- 
rate, allows you to 
work fast without 
hurrying the pa- 
tients. Its modern, 
precise appearance 
reflects your own 
thorough, exact- 
ing professional 
standards. 

With Ful-Vue Vergence, your patients always 
look directly through the system “on center” 
.-. no oblique viewing or partially overlapping 
fields. You'll appreciate the automatic pickup 


of sphere power from one dial . . . as well as 
automatic pickup of cylinder power to 6.00 D 
from just one control. 

Rugged, washable Roto-Chart provides you 
with twelve near point tests . . . dialed seg 
into position, And AO’s Tri-Loupe turret fea- 
tures all three loupes in a single plane close to 
the main viewing apertures, which results in 


short total optical path and widest field of 


view. 

Finished in jade green, coral, ivory tan or 

black, the Rx Master is a striking addition to 

your examining room decor. 


Ask your Sales Representative for a demonstra- 
tion or write 


American ®) Optical 


COMPANY 


INSTRUMENT DIVISION, BUFFALO 15, NEW YORK 
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his vision is clearer 


(cyclopentolate hydrochloride, hyd rochloride 
Schieffelin) 


Rapid onset . . . quick recovery saves time for patient and physician. 


indications: Refraction—for rapid cycloplegia. 
Therapy —as a mydriatic, in controlling iritis, iridocyclitis, 
keratitis, and choroiditis; 
—to prevent lenticular adhesions (synechiae) ; 
—in infection, (with miotics) for preventing or breaking adhesions; 
— preoperatively, for cataract or other eye surgery. 


Supplied: 1% Solution in 2cc. and 15cc. dropper bottles; 
0.5% Solution in 15cc. dropper bottles. 


Schieftel 
Schieffetin Cc./ Since 47°94 > 
Pharmaceutical and Research Laboratories. 

28 Cooper Square, New York 3, N. Y. 


In Canada: W. Sofin Ltd., Montreal 25, Quebec 
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Further Studies on Facility of Flow Through the 


Trabecular Meshwork 


W. MORTON GRANT, M.D., Boston 


In 1954 and 1955 preliminary results 
were reported on attempts at measuring 
directly how much of the normal resistance 
to outflow of aqueous humor is attributable 
to the trabecular meshwork in human 
eyes.'? In the more recent of these ex- 
periments enucleated human eyes were per- 
fused with sodium chloride solution through 
a needle which entered the anterior chamber 
through the cornea and communicated with 
both anterior and posterior chambers. The 
facility of outflow was determined by meas- 
uring both the rate of flow and the intra- 
ocular pressure after a steady state was 
attained. Then, the trabecular meshwork 
in one quadrant was curetted with the point 
of the transcorneal needle, and the facility 
of outflow was redetermined. In experi- 
ments on 19 eyes, no change in facility of 
outflow was found in 12, but an increase 
occurred in 6, and a small decrease, in only 
1. Microscopic examination of sections of 

Submitted for publication Dec. 16, 1957. 

Howe Laboratory of Ophthalmology, Massa- 
chusetts Eye and Ear Infirmary, and Harvard 
University Medical School. 

This investigation was supported by the Alfred 
P. Sloan Foundation and by Research Grant B-218 
of the Institute of Neurological Diseases and 
Blindness of the National Institutes of Health, 
U. S. Public Health Service. 

Normal enucleated eyes were supplied for this 
study by the Boston Eye Bank. Joann S. Perkins 
prepared fixed tissues for histologic study. The 
special stainless steel fitting was made to my 
specifications by Werner Mueller, instrument 
maker at the Howe Laboratory. 


all eyes indicated that the trabecular mesh- 
work had been torn open apparently into 
Schlemm’s canal in each instance, but there 
was also considerable damage to adjacent 
sclera. At that time I could not recognize 
any significant difference microscopically 
between eyes having a change in facility of 
outflow and those having no change. My 
tentative interpretation was that the trabec- 
ular meshwork offered little resistance to 
flow, since it could be curetted with no 
change in facility of outflow in the majority 
of instances; in those cases in which facil- 
ity of outflow was increased I thought it 
possible that the ostia of collector channels 
had been torn open. The results of these 
experiments were, obviously, far from con- 
clusive, and the possible and probable short- 
comings were discussed at some length at 
the Macy Foundation Conference on Glau- 
coma of 1955.* At the same conference 
Barany presented evidence of considerable 
resistance to flow in structures of the 
chicken eye analogous to the trabecular 
meshwork of the human. On the other 
hand, Perkins has reported that when he 
cannulated Schlemm’s canal in monkey 
eyes he found very little difference between 
the pressure in this canal and the pressure 
in the anterior chamber, suggesting that the 
aqueous humor encounters only slight re- 
sistance to flow through the trabecular 
meshwork.* 

I have been dissatisfied with my own 
previously reported experiments, particu- 
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larly because of the essentially blind and 
poorly controlled manner in which the 
trabeculotomies were performed. The tech- 
nique has now been improved so that re- 
moval of the trabecular meshwork is 
performed under direct microscopic obser- 
vation in order to render the operation 
more precise and to minimize chance of 
injury to deeper structures, such as the 
collector channels. With this technique I 
have obtained new and more consistent 
findings which indicate that the trabecular 
meshwork does in fact present the principal 
resistance to aqueous outflow. 


Experimental Procedure 


An important part of the improvement 
in the technique for these experiments has 
been achieved by invention of a means for 
opening and tightly closing a hole in the 
cornea through which to dissect the trabecu- 
lar meshwork under direct view with a 
microscope and to make measurements of 
facility of outflow by perfusion. The new 
arrangement provides a much better view 
of the angle of the anterior chamber than 
is generally possible through the corneas of 
enucleated eyes and permits effective use 


A, M. A. ARCHIVES 


OF OPHTHALMOLOGY 


Fig. 1—This stainless steel fitting is employed 
to close a hole in the cornea, permitting measure- 
ment of facility of outflow by perfusion via the 
tube in the center of the fitting; when the steel 
fitting is removed, the hole in the cornea provides 
access for dissection of the trabecular meshwork 
under microscopic observation. 
of magnification of 40 times or more. At 
the same time, it obviates the distortion of 
the cornea which is caused when an instru- 
ment is engaged tightly in the cornea itself, 
and it permits use of various types of in- 
struments other than those which can be 
inserted in a self-sealing manner through 
the cornea. It also makes the whole circum- 
ference accessible for operation; in the 
more customary method for goniotomy, in 
which the cornea is pierced by an instru- 
ment near the limbus, it is not feasible to 
reach much more than a third of the cir- 


Fig. 2.—The stainless steel fitting is installed in a hole trephined in the cornea; the flanges 
clamp the cornea at the edges of the hole to make a tight seal; apparatus for measuring intra- 
ocular pressure and rate of flow connects to the eye by way of a tube in the center of the 


fitting. 


Vol. 60, Oct., 1958 
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FACILITY OF FLOW THROUGH TRABECULAR MESHWORK 


cumference. In the new arrangement the 
provision which is made for tight reclosure 
of the opening in the cornea, and an addi- 
tional provision which is made for connect- 
ing a perfusion tube to the eye, are 
essential for determining the facility of 
outflow of intraocular fluid by the perfu- 
sion method. 

The desired opening in the cornea 
through which to view with a microscope 
and to operate has been made by means 
of a 5 mm. corneal trephine, and the neces- 
sary tight reclosure of the opening has been 
secured by means of a special stainless steel 
fitting. The device employed, shown in 
Figures 1 and 2, is comprised of three 
parts: a disc of 6 mm. diameter perma- 
nently attached to the end of a_ hollow 
threaded rod; a flat stepped annulus sliding 
over the threaded hollow rod, having a 
diameter of 6 mm. at its broader face and 
5 mm. diameter at its smaller face, and a 
knurled nut to tighten the two other parts 
together. In use, the disc at the end of the 
hollow rod slips through the 5 mm. opening 
in the cornea in the manner that a button 
goes through a buttonhole. The flat annulus 
comes against the cornea on the outside and 
is centered automatically by the smaller 
stepped portion which fits accurately into 
the 5 mm. hole in the cornea. When the 
knurled nut is tightened, the cornea is 
clamped in a secure and leakproof manner, 
acting itself as a gasket. The opposed 
clamping surfaces are made slightly con- 
cave so that the tightest seal is at the outer 
edges, and there is no tendency for the 
cornea to be squeezed out of the clamp. 
The fitting installed in the cornea is in- 
spected frequently with a binocular micro- 
scope each time it is used to be sure there 
is no leak. For perfusion measurements, 
connection to the anterior chamber is made 
by way of the hollow center of the threaded 
rod. A stainless steel tube of smaller di- 
ameter is soldered into the outer end of 
this rod for convenience in making con- 
nection with fine flexible plastic tubing to 
apparatus for measuring pressure and flow 
rate. 


Grant 


For viewing the structures of the angle 
of the anterior chamber through the axial 
hole in the cornea, the eye, with the steel 
fitting removed, was held with its axis 
essentially vertical, and the amount of fluid 
in the anterior chamber was adjusted so 
that it formed a meniscus with concave 
surface in the opening. (A convex or flat 
surface did not afford a satisfactory view.) 
Alternatively, the fluid in the anterior cham- 
ber could be replaced with air to give a 
direct view of the angle. However, keep- 
ing saline in the anterior chamber during 
observation and dissection had the advan- 
tage that it avoided effects of surface ten- 
sion in the angle at the interface of air and 
liquid ; in the presence of air the wet tissue 
surfaces tend to cling together, sometimes 
causing the iris to stick to the back of the 
cornea in inconvenient manner. Dissection 
of the trabecular meshwork has been car- 
ried out under direct view with a slit-lamp 
biomicroscope or with a binocular dissecting 
microscope having nearly coaxial illumina- 
tion. In most instances a magnification of 
40 times has been utilized. The 5 mm. hole 
in the cornea provides sufficient room for 
illumination, observation, and surgical in- 
strumentation at the same time. 

The experimental procedure employed in 
the present studies has been first to trephine 
out the 5 mm. disc of cornea, install the 
stainless-steel fitting, and make a measure- 
ment of the facility of outflow by determin- 
ing the relation of flow rate to intraocular 
pressure under steady-state conditions by 
a technique previously reported, employing 
0.9% sodium chloride solution for perfu- 
sion.':** The fitting has then been removed 
from the cornea and operation has been 
performed on the trabecular meshwork 
under direct view with the microscope. The 
corneal fitting has then been reinstalled, 
and the facility of outflow, redetermined. 
(In control experiments inserting and re- 
moving the corneal fitting without opera- 
tion on the meshwork had no appreciable 
influence on facility of outflow.) The cor- 
neal fitting has been removed and replaced 
without difficulty several times in individual 
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eyes when the influence of successive stages 
of surgery on the meshwork was to be 
evaluated. Lastly, all eyes were fixed in 
formaldehyde solution. In occasional eyes 
either colored latex or India ink was in- 
jected into the anterior chamber before 
fixation. After fixation the eyes were de- 
hydrated, embedded in nitrocellulose, and 
sectioned. 

Operating with a direct magnified view 
of the trabecular meshwork has made pos- 
sible a considerable refinement in the tech- 
nique employed for trabeculotomy. Where 
previously the procedure consisted of plow- 
ing up the meshwork and surrounding tis- 
sues by curetting or scraping with the 
broadest aspect of the point of a 20-gauge 
intravenous needle, without adequate view 
of the site of operation, the aim in the 
present experiments has been to open or 
remove the meshwork as precisely as direct 
inspection would make possible and at the 
same time to avoid injury to the scleral 
wall of Schlemm’s canal. This has been 
attempted variously as follows. In three 
eyes the meshwork was torn open by intro- 
ducing the tip of one blade of a fine-pointed 
toothless forceps into Schlemm’s canal with 
the rounded outer aspect of the blade 
against the scleral wall. The tip was moved 
circumferentially, tearing apart the trabec- 
ulae as it went. In one of these eyes an 
unsuccessful attempt had been made previ- 
ously to remove the meshwork by suction 
applied through a fine glass tube having 
a diameter almost equal to the distance 
from scleral spur to Schwalbe’s line. In 
six eyes the trabecular meshwork was 
opened by means of a von Graefe cystotome 
introduced across the anterior chamber with 
the shank not quite perpendicular to the 
meshwork. The tip of the cystotome was 
introduced through the meshwork and into 
Schlemm’s canal so that its blunt outer 
aspect was against the scleral wall of the 
canal. The tip was then moved circum- 
ferentially in such a manner that the tra- 
becular meshwork rode up on the sharp 


inner edge and was cut open. In seven 
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eyes the meshwork was incised with a 
Barkan goniotomy knife in various ways, 
and at various locations, with an aim of 
determining how surgery on the trabecular 
meshwork might be carried out more effec- 
tively on glaucomatous patients. The influ- 
ences of these various procedures on 
facility of outflow are described in the 
section on results. 

A noteworthy incidental precaution taken 
in both the present and the previous series 
of experiments is as follows. In all experi- 
ments designed to evaluate how much re- 
sistance the trabecular meshwork presents 
to outflow of aqueous humor it is necessary 
to control the amount of tension applied 
by the ciliary muscle to the scleral spur 
and trabecular meshwork, because this ten- 
sion exerts a considerable influence on 
facility of outflow. In enucleated eyes the 
ciliary muscle itself is usually not actively 
contractile, but tension is transmissable 
through the passive muscle from the lens- 
iris diaphragm when this diaphragm is 
forced from its normal position, e. g., by 
artificial deepening of the anterior chamber. 
In the experiments of the series to be 
reported in this paper the tension which 
might come from differences in filling of 
posterior and anterior chambers was elimi- 
nated by providing direct two-way com- 
munication between the chambers by placing 
a small piece of polyethylene tubing under 
the pupillary border of the iris or by per- 
forming peripheral iridectomy. Under these 
conditions the anterior chamber remained 
at a constant normal depth during all meas- 
urements of facility of outflow. It is be- 
lieved that the relaxed or neutral state of 
the lens-iris diaphragm and ciliary muscle 
under these conditions resembles the state 
in the living eye in the absence of physio- 
logically or pharmacologically induced ac- 
commodation and miosis. The facility of 
outflow determined under these conditions 
by perfusion in enucleated eyes comes close 
to the value obtained by tonography in 
unstimulated normal eyes of patients. 
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Results 


During the procedure of opening the 
trabecular meshwork by the different meth- 
ods employed in the present study the fol- 
lowing effects were observed with the 
microscope. It was found that the mesh- 
work could be torn in small areas by grasp- 
ing and pulling this tissue with toothless 
forceps, but more extensive opening was 
achieved when one tip of a fine curved 
forceps blade was introduced through a 
small hole which had been made in the 
meshwork and, with the blade directed 
along Schlemm’s canal, the tip was moved 
circumferentially in the sulcus between 
scleral spur and sclera, i. e., in Schlemm’s 
canal. This procedure caused the meshwork 
to part at about its midportion, leaving a 
fringe attached anteriorly to Schwalbe’s 
line. At the same time, this procedure 
caused variable tearing of the meshwork 
away from the scleral spur, carrying with it 
the uveal meshwork (overlying the ciliary 
muscle between iris periphery and scleral 
spur) as well as some of the fibers of the 
ciliary muscle itself. The result was that 
anterior to the scleral spur a_ glistening 
white sulcus of the opened-up Schlemm’s 
canal was evident, with an occasional tiny 
slit-like opening in the scleral wall (thought 
to be ostia of collector channels), while 
posterior to the scleral spur the gray ciliary 
muscle was laid bare. In one eye the ciliary 
muscle became completely detached from 
the scleral spur, leaving sclera exposed. 
(Incidentally, in a series of experiments to 
be reported elsewhere I have found that 
cyclodialysis without opening the trabecular 
meshwork does not appreciably increase 
facility of aqueous outflow in enucleated 
human eyes.) The conclusion was reached 
that tearing the meshwork with a noncut- 
ting instrument was effective in opening 
this tissue widely but that by this technique 
the tearing could not be restricted to this 
tissue alone, 

In the group of eyes in which the trabecu- 
lar meshwork was opened by means of a von 
Graefe cystotome the effect was found to 
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be much better limited to the desired site. 
In this series, as the tip of the cystotome 
passed along circumferentially in Schlemm’s 
canal and the trabeculae rode up on the 
cutting edge they were seen to be severed 
cleanly. The cutting occurred at about mid- 
zone of the meshwork or slightly closer to 
the scleral spur. The tissue itself seemed 
to have little or no tendency to retract, for 
when it was incised in only an hour or two 
of the circumference the edges appeared to 
fall back in apposition. However, when the 
incision was extended circumferentially for 
a greater distance or when the scleral spur 
or the attached ciliary muscle was pressed 
slightly posteriorward with the side of the 
blade, the cut edges gaped and gave a view 
of a glistening white sulcus just anterior 
to the scleral spur. The spur itself provided 
a rather resilient posterior lip to the open- 
ing. No cyclodialysis was produced when 
a sharp-edged cystotome was employed. 

In the group of eyes in which the tra- 
becular meshwork was incised with the tip 
of a Barkan goniotomy knife various re- 
sults were produced, depending upon the 
site and manner of incision. Cutting cir- 
cumferentially at the anterior edge of the 
meshwork close to Schwalbe’s line did not 
cause the meshwork to separate from the 
sclera, nor did it cause the edges to evert. 
However, it was apparent from observation 
of movement of pigment particles enmeshed 
in the midzone of the trabecular meshwork 
that the knife caused some traction and 
dragging of fibers in this adjacent portion 
of the tissue as well as the intended cutting 
of the anterior edge. It was found that 
after incision of the anterior edge the whole 
width of the meshwork could be pulled 
away from the sclera and folded toward the 
iris by drawing the tissue posteriorly with 
the flat of the knife blade. This more or 
less bared the white scleral wall down to 
the scleral spur, but some fine strands of 
the meshwork remained adherent. When 
pigment was present within the midzone 
of the meshwork, this went along with the 
tissue as it was folded back away from the 
sclera. One difficulty encountered with this 
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technique in two eyes was that when the 
meshwork had been separated from the 
scleral wall back to the scleral spur it very 
easily became detached from the spur itself. 
Since the meshwork and ciliary muscle re- 
mained continuous, the detachment from 
the scleral spur separated the ciliary body 
as well as the trabecular meshwork from 
the spur, in effect causing a trabeculocyclo- 
dialysis. In eyes in which the initial in- 
cision was made into the posterior portion 
of the meshwork just anterior to the scleral 
spur, with the tip of the Barkan goniotomy 
knife held nearly perpendicular to the tis- 
sue, there appeared to be no tendency to 
cause detachment of the ciliary body from 
the spur. Cutting in this manner gave re- 
sults similar to those obtained when the 
meshwork was slit open by means of the 
cystotome ; those results have already been 
described. Incision in an arc limited to 
a quadrant or less did not cause the edges 
to gape spontaneously, although they did 
gape when a little pressure was exerted 
with the side of the blade on the resilient 
posterior lip formed by the scleral spur or 
on the attached ciliary muscle. There was 
more tendency for the wound to remain 
open and reveal the white scleral wall 
when the tissue was incised over a greater 
portion of the circumference. 

Combined incision of both anterior and 
posterior edges of trabecular meshwork 
with the goniotomy knife gave varied re- 
sults. When the anterior edge was incised 
first, it was difficult to incise the posterior 
edge, because, without its normal anterior 
attachment, the tissue tended to slide and 
gather ahead of the blade instead of cutting 
cleanly. When the posterior edge of the 
meshwork (just anterior to the scleral spur) 
was incised first, it remained fairly easy 
subsequently to incise the anterior edge (at 
Schwalbe’s line), and there was relatively 
little tendency for the loose tissue to gather 
in front of the blade. When the trabecular 
meshwork was cut across to interrupt its 
circumferential continuity in addition to 
having incisions at its anterior and pos- 
terior edges, it became possible to remove 
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the tissue as a whole. This maneuver ex- 
posed the scleral wall from Schwalbe’s line 
to scleral spur, revealing above the spur the 
sulcus which formerly constituted the outer 
aspect of Schlemm’s canal, and left the 
ciliary body attached to the posterior aspect 
of the spur. 

The observations which have just been 
described were made in association with 
measurements of the facility of outflow 
from the anterior chamber, and in several 
instances measurements were made at suc- 
cessive stages of the operative procedures. 
In the series of 16 enucleated normal hu- 
man eyes upon which the trabeculotomy 
and trabeculectomy procedures were per- 
formed as already described, a significant 
increase in facility of outflow (decrease in 
resistance to outflow) was found in every 
instance. The results for each eye are 
listed in the Table. The amount of change 
was approximately related to the proportion 
of the circumference operated upon,* and 
calculations from the experimental data in- 
dicate that the trabecular meshwork as a 
whole, in a relaxed state, is responsible for 
approximately 75% of the total resistance 
to outflow of aqueous humor from normal 
human (enucleated) eyes. The remaining 
25% of the resistance to outflow is pre- 
sented by the intrascleral vessels through 
which the aqueous must pass to reach the 
surface of the globe. Incidentally, no ap- 
preciable change in resistance was found 
when episcleral tissues were removed, and 
in an earlier investigation when the outer 
two-thirds of the sclera was dissected away 
no significant change in resistance was ob- 
served’; apparently most of that portion 
of resistance which is in the intrascleral 
vessels is within the inner third, i. e., close 
to Schlemm’s canal. 

The average value for facility of outflow 
in the 16 eyes of the present series shown 
in the Table was 0.147yl. (microliters) per 
minute per millimeter of Hg at a room 


*On the average, for each tenth of the cir- 
cumference in which the trabecular meshwork was 
opened or removed the facility of outflow was 
found to be increased by 30%. 
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Effect of Dissection of the Trabecular Meshwork on pee of Outflow of 
Intraocaler Fluid in Enucleated Normal Human Eyes 


Change in Proportion of 
Proportion of Facility of Calculated Initial Resistance 
Circumference Outflow (at 24°C), Decrease in Attributable to 


Operated On yl/Min/Mm. Hg Resistance,* “the Meshwork, t % 


Instrument 
Employed 


Nature of Operation 
Eye No. on Meshwork 
Forceps blade 
Forceps blade 
Forceps blade 
Cystotome 
Cystotome 
Cystotome 
Cystotome 
Cystotome 
Cystotome 
Knife 

Knife 


Tearing open 

Tearing open 

Tearing open 

Slitting open 

Slitting open 

Slitting open 

Slitting open 

Slitting open 

Slitting open 

Incision of posterior meshwork 
Incision of anterior meshwork 
Incision posteriorly and removal 
of meshwork 

Incision of posterior meshwork 
Incision of posterior meshwork 
Incision of posterior meshwork 
Incision of anterior edge and 
removal of meshwork 

Incision both posterior and 
anterior and removal of meshwork 
Excision 

Excision 

Anterior incision and detachment 
of meshwork 

Anterior incision and detachment 
by traction 

Anterior incision and detachment 
by traction 


Whole 

75% 
Whole 
Whole 
Whole 
Whole 
Whole 
Whole 
Whole 
Whole 
Whole 


0.13--0.61 79 79 
0.17--0.36 53 

0.07-+0.32 

0.19-+0.51 

0.27-+1.05 

0.12-+0.56 

0.19-+-0.68 

0.16--0.80 

0.15-+-0.60 


= 


Knife 


Knife 


Knife 


Knife 


Cc 
* Decrease in resistance to outflow was calculated in per cent by the formula 100(1— ob 


t The proportion of the whole initial resistance to outflow which may be attributed to the meshwork was calculated in per cent by 
ac, 


The symbols and terms employed in setting up these formulas were as follows: 
C.=facility of outflow determined preoperatively 

C .=facility of outflow determined postoperatively 

X=fraction of total resistance to outflow attributable to the meshwork 
a=fraction of the circumference operated upon 

aC .=facility of outflow of operated-on portion preoperatively 
(1—a) C :=facility of outflow of intact portion both pre- and postoperatively 
C+—(l—a)C ,=facility of outflow of operated-on portion postoperatively 

aC ./(1—X)=facility of outflow of operated-on portion postoperatively 


the formula :100(1— 


In setting up the second formula above the assumptions were made that resistance to flow through the meshwork and through the 
transcleral channels must be in series and that the circumferential flow in Schlemm's canal is negligible under the conditions of these 
experiments. Evidence to support the assumption of negligible circumferential flow is discussed in the text. Derivation was as 

follows: 


1 
aC, 


temperature of 24 C; this is equivalent to 
0.1941. at body temperature of 37 C after 
adjustment for the change in viscosity of 
water with change in temperature. To date 
a total of 52 enucleated normal human eyes 
have been measured by the perfusion meth- 
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od with no abnormal tension on the lens- 
iris diaphragm, and the average facility 
of outflow for all has been 0.176yl. at room 
temperature, or 0.231. at 37 C. The values 
in the present series therefore average a 
little lower than the majority, and it is 
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0.15-+0.60 75 75 
0.16041 61 
Whole 0.64 75 75 
12 10% 0.10-+0.16 38 
15% 0.08-+0.16 50 
15% 0.18 55 x9 
33% 0.54 85 95 
Knife 15% 0.13--0.20 35 88 
33% 70 87 
10% 10.68 81 
75% 0.13-+0.43 70 75 


possible that eyes having mild open-angle 
glaucoma may have been included in this 
series, although there has been no basis 
other than low facility of outflow for sus- 
pecting it. In the Table Eyes 3 and 13, in 
particular, had unusually low facility of 
outflow. 

In two eyes (Eyes 11 and 12) in which 
the trabecular meshwork was initially in- 
cised rather than excised (trabeculotomy 
instead of trabeculectomy) and perfusion 
was continued for an hour or more, the 
facility of outflow was found to be in- 
creased immediately following operation, 
but gradually with continuing perfusion the 
facility of outflow returned toward the 
preoperative values. In these eyes Schlemm’s 
canal had been seen as a glistening white 
sulcus adjacent to the scleral spur when 
the trabecular meshwork was incised and 
the edges of the incision had been caused 
to gape by slight pressure of an instrument 
on the scleral spur or the adjacent ciliary 
body. However, after perfusion, during 
which the immediately increased facility of 
outflow gradually reverted toward the pre- 
operative value, reexamination of the angle 
showed the edges of the incision to have 
come together again, either completely, so 
that the line of incision was scarcely dis- 
cernible, or partially, so that the glistening 
white sulcus of Schlemm’s canal was hidden 
irregularly by overlying fibers of trabecular 
meshwork. In these eyes the meshwork was 
thereafter actually removed so that it could 
not go back in place. Remeasurement 
showed again an immediate increase in fa- 
cility of outflow, and under these circum- 
stances it did not fevert toward preoperative 
values during further perfusion. 

An interesting phenomenon was noted on 
the surface of the globe when perfusion 
was carried out after the trabecular mesh- 
work had been opened in only a fraction of 
the circumference. This consisted of a 
conspicuously augmented outflow of fluid 
in the vessels emerging from the sclera just 
in the region in which the meshwork had 
been operated upon. This localized in- 
creased outflow was made still more evident 
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when fluorescein was added to the perfus- 
ing liquid. No outflow of fluorescein-tinted 
fluid was seen in the large emissary veins 
from the ciliary body, but the outflow was 
profuse from smaller vessels nearer the 
limbus, presumably aqueous veins and their 
anastomotic blood vessels. Not only was 
outflow in the region of opened trabecular 
meshwork greater than normal in volume, 
but in this region India ink was found to 
flow readily out of the anterior chamber 
and into the episcleral vessels. 


Comment 


The consistency with which the facility 
of outflow has been increased in the present 
series of experiments by trabeculotomy or 
trabeculectomy carried ort by several dif- 
ferent techniques, but all under direct 
microscopic control, indicated that the tra- 
becular meshwork of enucleated normal 
eyes is in fact responsible for the principal 
resistance to aqueous outflow, as indicated 
in the foregoing section on results. Since 
in some of the experiments the instruments 
which were employed did not present a 
sharp or cutting edge to the scleral aspect 
of Schlemm’s canal, it cannot well be sup- 
posed that collector channels were regu- 
larly cut into. Furthermore, in those 
experiments in which incision of the tra- 
becular meshwork caused increase in facil- 
ity of outflow only while the incision 
remained open, it appears that the status of 
the meshwork was directly related to the 
measured change in resistance. If incision 
into collector channels or a_ hypothetical 
secondary influence of tension in the tra- 
becular meshwork upon the size of the 
collector channels were responsible for the 
observed change in resistance to outflow, 
these factors would not be expected to be 
reversible by reapposition of the cut tra- 
becular meshwork fibers. 

In retrospect it seems possible that in an 
earlier published series of experiments, in 
which the trabecular meshwork was cu- 
retted blindly with a needle, a failure to 
obtain an increase in facility of outflow in 
some instances may have been due to fail- 
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ure actually to obtain an effective opening 
of Schlemm’s canal or due to reclosure of 
the opening by torn edges of the mesh- 
work. Microscopic examination of the 
eyes in those earlier experiments was car- 
ried out only after they had been fixed in 
formaldehyde and after most of the cornea 
had been excised by means of scissors. 
Possibly in this process the opening of 
Schlemm’s canal came to appear more com- 
plete than it was at the time of operation 
and perfusion. The present series of ex- 
periments has been carried out with a 
much-improved technique, with microscopic 
examination at the time of measurement, 
and with much more consistent results. 

If the present observations are applicable 
to open-angle glaucoma, it would appear 
that improvement of facility of aqueous 
outflow may be achieved surgically by mak- 
ing an opening into Schlemm’s canal 
through the trabecular meshwork. In nor- 
mal eyes it appears that opening the mesh- 
work in only about one-sixth of the 
circumference can provide an increase of 
approximately 50% in facility of outflow. 
In eyes with open-angle glaucoma a similar 
or greater improvement may be expected 
if the abnormally poor facility of aqueous 
outflow which is characteristic of glaucoma 
is due to abnormality in the trabecular 
meshwork. Removal of meshwork would of 
course be less therapeutically effective if a 
greater proportion of the total resistance to 
outflow were found to be in the intrascleral 
channels in glaucomatous eyes. This re- 
maining fundamental question can _ be 
resolved by determining the effect of tra- 
beculotomy or trabeculectomy in enucleated 
eyes with open-angle glaucoma and by mak- 
ing comparison with the results obtained in 
the present experiments on normal eyes. 
Only the difficulty in obtaining eyes with 
well-authenticated open-angle glaucoma (un- 
complicated by operation or other disease) 
delays this phase of the investigation. 

Supposing, on the grounds mentioned in 
the foregoing paragraph, that the surgical 
procedure of opening the trabecular mesh- 
work is desirable in the treatment of glau- 
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coma, there are certain considerations in 
regard to the manner of accomplishment 
which the present experiments bring to 
light. It is, for instance, evident that to 
secure an effective and persistent opening 
from the anterior chamber to Schlemm’s 
canal the incision must be accurately placed, 
and it must in some way be prevented from 
becoming obstructed by loosened strands of 
tissue which tend to be carried into the 
opening by the outflowing aqueous current. 
Not only is it desirable that the incision 
be confined accurately to the trabecular 
meshwork to avoid injury of the cornea 
anterior to Schwalbe’s line and to avoid 
causing cyclogoniotomy posterior to the 
scleral spur but, further, it seems desirable 
that the opening be made in the portion of 
the meshwork which overlies Schlemm’s 
canal. In the present study is has become 
apparent that incision just anterior to the 
scleral spur is regularly effective in open- 
ing into Schlemm’s canal. The posterior 
portion of the canal as a rule lies just 
beyond the junction of scleral spur and 
trabecular meshwork, and it extends for- 
ward to approximately the midportion of 
the trabecular meshwork. In older persons 
there is commonly a narrow line of pigment 
in the trabecular meshwork at about its 
midportion or slightly posterior to this, 
suggesting that this is the portion of the 
meshwork through which most of the 
stream of aqueous humor normally flows, 
carrying with it occasional loose particles 
of pigment which become entrapped in the 
meshwork if they are too large to pass 
through. Microscopic examination of cross 
sections of the angle, as well as occasional 
gonioscopic views of blood refluxing into 
Schlemm’s canal, show that this acquired 
pigment line (which is not to be confused 
with normally pigmented strands of uveal 
meshwork) lies directly in front of 
Schlemm’s canal. From clinical study of 
patients by means of gonioscopy and tonog- 
raphy it has become evident that obstruction 
of this portion of the trabecular meshwork 
by peripheral anterior synechias may cause 
serious obstruction to outflow even when 
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the anterior quarter or third of the mesh- 
work remains free. This clinical evidence 
suggests that the anterior edge of the mesh- 
work does not provide ready access for 
aqueous humor to Schlemm’s canal. Fur- 
thermore, incision of the meshwork near to 
Schwalbe’s line in the present study did not 
facilitate aqueous outflow to the degree that 
incision of the posterior half of the mesh- 
work did. 

In clinical application of the information 
gained in the present experiments on enu- 
cleated eyes there are, of course, additional 
problems to be reckoned with in regard to 
the effect of healing of incised tissues and 
the possibility of blood refluxing into the 
anterior chamber from the opening in 
Schlemm’s canal. 

On the basis of information gained in 
the present study it is conceivable that good 
results which have been obtained clinically 
by goniotomy in congenital glaucoma may 
in some instances be attributable to incision 
of the corneoscleral trabecular meshwork 
itself, although the primary aim was to 
incise tissue overlying the meshwork. Con- 
sistent with this thought, I have seen buph- 
thalmic eyes which have benefited from 
goniotomy and which appeared subsequent- 
ly by gonioscopy to have an opening through 
the meshwork to the area where Schlemm’s 
canal is normally located. 


Academically, it is interesting that ex- 
perimental opening into Schlemm’s canal 
in only a fraction of the circumference 
does not increase facility of outflow as 
much as opening into the canal in the whole 
circumference. This indicates that the per- 
fusion fluid in these eyes does not readily 
flow circumferentially in Schlemm’s canal. 
In fact, both the approximate proportion- 
ality of fraction of circumference opened 
to degree of facilitation of outflow and the 
local character of augmented outflow ob- 
served on the surface of the globe indicate 
that the fluid encounters more resistance to 
flow along Schlemm’s canal than to flow 
out through the transscleral vessels from 
Schlemm’s canal in these eyes. Whether 
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this differs from conditions in life is not 
known. The possibility exists that when 
the meshwork is opened the canal may in- 
advertently be occluded at the ends of the 
incision, but against this is the observation 
that outflow of fluorescein on the surface 
of the globe does appear to be augmented 
a short distance beyond the ends of the 
incision of the meshwork within the eye. 


Summary 

The influence of opening or removing the 
trabecular meshwork on the facility of out- 
flow of intraocular fluid has been investi- 
gated in 16 enucleated normal human eyes, 
with use of more precise methods than have 
previously been used. By means of a new 
device which permits opening and tightly 
closing a hole in the cornea through which 
to dissect the trabecular meshwork under 
direct view with a microscope and to make 
measurements of facility of outflow by per- 
fusion, it has been possible to open and 
remove the meshwork from within the an- 
terior chamber and to determine that in 
every eye in this series this caused a sig- 
nificant increase in facility of outflow. It 
has been calculated that the trabecular mesh- 
work as a whole in its relaxed state in 
these eyes was responsible for approxi- 
mately 75% of the total resistance to out- 
flow of fluid from the anterior chamber. 
It appears from the present series of ex- 
periments that trabeculotomy or trabeculec- 
tomy limited to a single quadrant may well 
be therapeutically helpful in open-angle 
glaucoma. However, a tendency for a cut 
in the meshwork to be partially self-sealing 
has been observed, and this is one of the 
factors to be considered and controlled in 
applying the results of this study to the 
surgical treatment of glaucoma. 


Massachusetts Eye and Ear Infirmary, 243 
Charles St. (14). 
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The Rule of Seven or Fourteen Thirds 


CAPT. RUDOLPH P. NADBATH (MC), U. S. N. 


Often the refractionist finds the ophthal- 
mometer value varying significantly from 
ihat of the proper correcting cylinder of 
the spectacle lens. Many still use the rule 
of Javal’ to modify the ophthalmometer 
reading to approximate the proper cylin- 
drical value of the correcting spectacle lens. 
In an article? published by the American 
Optical Company the rule of Javal is found 
faulty. The problem is analyzed, and, in a 
series of algebraic gymnastics, a formula 
is derived upon which are based the data in 
the Table, i. e., the upper figures in each 
row. These data represent corrected cylin- 
drical components as derived from the in- 
fluence of the spherical component upon the 
ophthalmometer reading and are for a 
vertex distance of 13.75 mm. 

Neither the data of the Table nor the 
formula upon which they are based is easily 
committed to memory. The “Rule of 7 or 14 
Thirds” is a useful approximation of these 
data, is much easier to remember, and can 
be used to “correct’’ ophthalmometer read- 
ings. 

The “Rule of 7 or 14 Thirds” reminds one 
to multiply two fractions and then to alge- 
braically add the product as a correction 
factor to the ophthalmometer reading. The 
first fraction has as its numerator the 
minus or plus spherical value; the denomi- 
nator of this first fraction is either 7 or 
14 (7 for minus spherical values and 14 
for plus spherical values). The second 
fraction has as its numerator the number 
corresponding to the minus cylinder value 
obtained from the ophthalmometer; the 
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denominator of this second fraction is 3 
(the “thirds” ). 

Although the reading of the previous 
paragraph may appear complex, a few ex- 
amples will illustrate the simplicity and 
application of the “Rule of 7 or 14 Thirds.” 

ExampLe A.—An aphakic patient is 
found to have an ophthalmometer reading 
of —2.00180. The spherical component 
is in the range of +10. What is the ex- 
pected final cylinder in the spectacle lens? 

+10/14X2/3=20/42, or about +0.47 

In the first fraction the numerator is 
+10 (the plus spherical value) and the 
denominator is 14 (14 for plus spherical 
values). In the second fraction the numer- 
ator is 2 (number corresponding to the 
minus cylinder value obtained from _ the 
ophthalmometer) and the denominator is 3 
(the “thirds”). The correction factor of 
+0.47 is now algebraically added to the 
ophthalmometer reading of —2.00; thus, 
the expected final cylinder in the spectacle 
lens is —1.53 (compare this with the value 
in the Table of —1.52). 

ExampLe B.—A 25-year-old patient with 
compound myopia astigmatism is found to 
have an ophthalmometer reading of —4.00 
90. The spherical component is in the 
range of —6. What is the correction fac- 
tor? 

—6/7X4/3=—24/21, or about —1.14 

In the first fraction the numerator is 
—6 (the minus spherical value); the de- 
nominator is 7 (7 for minus spherical 
values). In the second fraction the numer- 
ator is 4 (number corresponding to the 
minus cylinder value obtained from the 
ophthalmometer); the denominator is 3 
(the “thirds”). The correction factor of 
—1.14 is added algebraically to the oph- 
thalmometer reading of —4.00 to give the 


2 

g 

q 

4 
4 
if 

| 
| 


RULE OF SEVEN OR FOURTEEN THIRDS 


as Derived from the Influence of the Ametropic 
the Ophthalmometer Reading * 


Ophthalmometer Reading 


Spherical Correction d —3.00 Ax —4.00 Ax 
—3.87 —5.25 
—8.00 —4.14 —5.52 


—5.12 
—7.00 . J —5.33 


—3.91 


—4.00 
—3.81 


—3.88 —4.92 
—3.72 —4.65 


—4.78 
—3.62 —4.53 
—3.66 —4.63 
—3.53 —4.41 


—3.55 —4.49 
—3.43 —4.29 


—3.44 
—3.34 —4.17 


—3.33 —4.22 
—3.24 —4.05 


—3.B 4.09 
+9.00 . —3.15 —3.93 
—3.12 —3.95 
+10.00 —3.05 —3.81 
—3.02 —3.83 
+11.00 —2.96 —3.70 
—2.92 —3.70 
+12.00 —2.86 —3.58 
2.83 —3.57 
+13.00 —2.77 —3.46 
—2.73 —3.45 
+14.00 —2.67 —3.34 
—2.64 —3.33 
+15.00 —0.65 —2.58 —3.22 
—0.61 —2.54 —3.21 
+16.00 —0.62 J —2.48 —3.10 
—0.59 —3.10 
+17.00 —0.60 —2.38 —2.98 
—0.57 7 —2.36 —2.99 —3.62 
+18.00 —0.58 —2.29 —2.86 —3.43 


* The upper figures in each row are reproduced with permission from Reference 2, copyright 1950 by American Optical Company. 
The lower figures in each row are the values derived by the Rule of 7 or 14 Thirds. 
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Corrected Cylindrical Components 

Spherical Component 

—5.00 AX —6.00 Ax 

—6.67 —8.14 

6.90 —8.28 

—6.50 

—6.66 —8.00 

4 —1.19 2.42 ~3.68 —4.98 —6.33 

—6.00 —1.28 —2.57 —3.85 —6.42 

—2.35 —3.58 —6.16 —7.52 

—5.00 —1.23 —2.47 —3.71 —4.95 —6.19 —7.42 

—1.13 —2.29 —3.49 —4.73 —6.00 —7.31 

—4.00 —1.19 —2.38 —3.57 —4.76 —5.95 —7.14 

—1.10 —3.40 —4.60 —5.84 —7.12 

—3.00 —1.14 —2.28 —3.42 4.57 —5.71 —6.85 

1.07 —2.17 —3.31 —5.68 —6.92 

—2.00 —1.09 —2.19 —3.28 4.38 —5.47 —6.57 

—1.04 —2.11 —3.22 —4.35 —5.52 —6.73 

—1.00 —1.04 —2.09 —3.14 —4.19 —5.23 6.28 

1.01 —2.06 1.2 5.37 6.54 

Zero 

—0.9 —2.00 —3.04 —5.22 —6.35 

+1.00 —0.98 —1.96 —2.93 —4.89 —5.86 

+2.00 —0.96 —1.91 —2.86 —5.72 

+3.00 —0.93 —1.86 —2.79 —5.58 
—0.90 1.83 —2.79 

+4.00 —0.91 —1.81 —2.72 —5.43 

—0.88 —1.78 —2.71 —5.64 

+5.00 —0.89 1.77 —2.65 —5.29 

—0.85 —1.73 —2.62 —5.46 

+6.00 —0.36 —1.72 —2.58 —5.15 

—0.83 —1.68 2.55 —5.30 
+7.00 —.84 —1.67 —2.50 —5.00 

+8.00 0.31 1.62 —2.43 —4.36 

‘ 


corrected value of —5.14 (compare this 
with the value in the Table of — 4.98). 
“Physiologic astigmatism”? is defined as 
the noncorneal astigmatism of the human 
eye probably caused by the crystalline lens. 
The allowance for such physiologic astig- 
matism is frequently noted as follows: 


Age, Yr. Cylinder 
Under 30 —0.25x90 or +0.25x180 
30 to 60 —0.50X90 or +0.50X180 
60 and over —0.75X90 or +0.75X189 


Thus, in Example B the patient would have 
a final expected cylinder in the spectacle 
lens of —5.1490 (corrected ophthalmom- 
eter reading by the rule of 7 or 14 thirds) 
plus —0.2590 (physiologic astigmatism), 
or final expected cylinder of —5.3990. 
ExampLe C.—A patient between 30 and 
60 years of age has an ophthalmometer 
reading of —3.00180 and a spherical 
component in the range of +5. What is 
the corrected ophthalmometer reading and 
what is the final expected cylinder of his 
spectacles? By the “Rule of 7 or 14 Thirds” 
the correction factor is the following: 
+5/14X3/3=15/42, or about +0.35 
This correction factor added algebraically 
to the —3.00 of the ophthalmometer gives 
— 2.65, the corrected ophthalmometer read- 
ing. The final expected correction cylinder 
would be —2.65X180 plus +0.50 180 
(physiologic astigmatism), i. e., —2.15, or 
approximately —2.00 cyl, ax 180. 


Comment 


Review of the data in the Table reveals 
that for practical purposes and for the 
range of values covered in the Table the 
values obtained by the “Rule of 7 or 14 
Thirds” for the most part approximate 
within 0.25 (although in some cases for 5 
and 6 cylinders this is exceeded) those 
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values obtained by lengthier computations 
(the lower figures in each row are values 
computed by the “Rule of 7 or 14 Thirds”). 
The rule does not apply when there is zero 
value for the spherical component. 

There is some doubt that the variation 
of the physiological allowance is correlated 
with age exactly as is briefly tabulated. 
Still, the tabulations can be used as a guide. 

Where there is an oblique astigmatism 
of the cornea, the application of physio- 
logical allowance as cited can be handled 
by known formulae treating combinations 
of obliquely crossed cylinders. 

The values in the upper part of each 
row in the Table are for a vertex distance 
of 13.75 mm. The vertex distance in clin- 
ical practice will often vary somewhat from 
13.75 mm. Notwithstanding, the data in the 
Table are useful, since they “correct” the 
omissions of Javal’s rule and on theoretical 
basis are accurate. Since the use of these 
data requires reference to a chart or length- 
ier formula, these data are not widely used. 


Conclusion 


If one accepts the data in the Table 
(upper figures in each row), then the “Rule 
of 7 or 14 Thirds” for the range of values 
recorded is for clinical purposes also accep- 
table and equally applicable. 


American Optical Company gave permissicn to 
use the data in Reference 2. 


U. S. Naval Hospital, San Diego. 
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Polyarteritis Nodosa with Ophthalmic and 
Neurological Complications 


8. SHEEHAN, M.B., Ch.B., D.O.M.S., York, England; D. G. F. HARRIMAN, M.D., M.R.C.P., and 


J. P. P. BRADSHAW, M.D., M.R.C.P., Leeds, England 


The purpose of this paper is to report 
on a case of polyarteritis nodosa which has 
some unusual features of special ophthalmic 
and neurological interest. 


Report of a Case 


A woman was aged 35 years at death. 
At the age of 11 she had rheumatic fever; 
at 18 she had an appendectomy, and at 30, 
in her second pregnancy, she developed 
hypertensive toxemia necessitating termina- 
tion during the 30th week. She had no 
other illnesses. Family history was not sig- 
nificant. 

Since the age of 30 she had suffered 
from nocturnal cramps in the limbs of a 
myoclonic type and some loss of flesh on 
the left side of her face. At the age of 32 
she developed abdominal pain in the epigas- 
trium and vomiting of bilious fluid, which 
settled within a few weeks, and subse- 
quently she had alternating periods of 
diarrhea and constipation. She lost weight. 
Soon afterward she was admitted to hos- 
pital for two weeks with a provisional diag- 
nosis of mucous colitis. In general, the 
results of investigation were negative; the 
findings which have a bearing on the sub- 
sequent course were as follows. 

Pulse and temperature were normal 
throughout the stay in hospital. Blood pres- 
sure after rest was 160/90. There was 
abdominal tenderness in the right hypo- 
chondrium. The central nervous system 
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was normal. X-rays of chest, of stomach 
and duodenum, and of gallbladder were 
normal. Barium enema was reported as 
showing slight hesitation at both the splenic 
and hepatic flexures and considerable loss 
of haustration in the descending and sig- 
moid colon. In films after evacuation an 
abnormal mucosal pattern was _ noted 
throughout the entire colon, which was con- 
sidered compatible with mucous colitis. 
Catheter specimen of urine showed a trace 
of albumin, a few pus and epithelial cells, 
and no growth on culture. Blood cell count 
showed Hb. 96% and total leukocytes 8800 
per cubic millimeter, of which 70% were 
neutrophils, 2%, eosinophils; 6%, large 
mononuclear cells, and 22%, lymphocytes. 
Examination of feces for occult blood was 
negative. 

At the age of 33 there was a recurrence 
of diarrhea, vomiting, and loss of weight, 
and the patient was readmitted to hospital. 
Again, although she looked ill, no abnormal 
physical signs were detected, and in a few 
days the abdominal symptoms settled. She 
was again afebrile, and _ investigations 
showed the same findings as above. How- 
ever, the erythrocyte sedimentation rate 
(ESR) was 40 mm. in an hour. A month 
later, eye symptoms commenced, first as 
teichopsia and within three weeks as defec- 
tive vision in the right eye. Visual acuity 
was then 6/36 in the right eye and 6/5 
in the left eye. The fundus of the left eye 
was normal. In the right eye there was a 
small area of perivasculitis of the retina 
around the macula and, near it, there were 
two or three small white exudates no larger 
than miliary tubercles of choroid. There 
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Fig. 1—Fundus_ of 
right eye. 


Fig. 2—Fundus of left 
eye. 
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POLYARTERITIS NODOSA WITH COMPLICATIONS 


was at that time no edema of the retina or 
of the optic disc. The patient was kept 
under observation for five months, during 
which time the acuity of the right eye grad- 
ually became less than the ability to count 
fingers. Keratic precipitates (K. P.) de- 
veloped in it, remaining constantly there- 
after, and also striking changes in the 
fundus. These consisted of multiple retinal 
hemorrhages, massed white exudates around 
the macula, retinal edema and papilledema, 
and a considerable amount of raised white 
exudate inferiorly projecting 10 D. (Fig. 1). 
By contrast, the appearances of the left eye, 
both by ophthalmoscope and by slit lamp, 
remained entirely normal throughout the 
illness (Fig. 2). Further investigations 
were done during this period. Several ex- 
aminations of the urine were normal, and 
the fasting blood sugar was 88 mg. per 
100 ml. The Wassermann and Kahn re- 
actions were negative. Intradermal and 
agglutination tests for brucellosis and 
Mantoux reaction (1:1000) were negative. 
Plain radiographs of the chest and of the 
hands and feet were normal. A biopsy of 
gastrocnemius muscle was reported as nega- 
tive for any sign of polyarteritis. No sub- 
cutaneous nodules were found. The total 
serum protein was 6.0 gm/100 ml., of 
which albumin was 3.4 gm.; globulin, 2.6 
gm. ESR was examined at intervals of 10 
weeks and gave successive readings of 30, 
49, and 45 mm. in an hour. 

At the age of 34 she had noticed some 
weakness and cramp of the left leg, and she 
was readmitted to hospital. On examina- 
tion, temperature was 98 F; pulse rate, 72, 
and respirations, 19 per minute. She was 
a frail, thin woman, weighing 105 Ib., with 
an icteric appearance, though without jaun- 
dice. There was undue prominence of the 
bony architecture of the left side of the 
face and head, owing to the absence of 
subcutaneous fat. Vision of right eye was 
counting fingers; that of the left eye, 6/6 
and J 1, and the eye changes were as 
described above. There were hypoalgesia 
and hypoesthesia of the left trigeminus 
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nerve, second and third divisions; the re- 
mainder of the cranial nerves and the upper 
limbs and right lower limb were normal. 
There was some wasting of the left quadri- 
ceps and calf muscles and moderate weak- 
ness of the left lower limb, especially of the 
hip flexors, knee extensors, and ankle dorsi- 
flexors. The left knee and ankle jerks 
were absent. The abdominal reflexes were 
preserved, and the plantar responses were 
flexor. There were hypoalgesia and hypo- 
esthesia of the dermatomes L 1 to L 5, in- 
clusive, on the left side. No other abnormal 
physical signs were detected; serial blood 
pressure readings ranged from 120/70 to 
110/60 mm. Hg. The ESR was 35 to 55 
mm, in an hour throughout her stay in 
hospital. The cerebrospinal fluid pressure 
and manometric observations were normal, 
and the fluid contained no cells and 28 mg. 
of protein per 100 ml.; Lange test showed 
no change; the Wassermann reaction was 
negative in both blood and cerebrospinal 
fluid. The Mantoux reaction was negative 
at 1:100, but the Kveim intradermal test 
was negative on two occasions. Additional 
investigations included full blood cell 
counts ; blood cultures; chemical and cyto- 
logical examination of urine; tests of glu- 
cose tolerance, renal and hepatic function, 
and fat balance; plain radiographs of chest, 
cranium, abdomen, and hands, and a barium 
meal. All these were normal. 

In view of the likelihood of a collagen 
disease the patient was given cortisone, 37 
mg. daily for 17 days, but without obvious 
benefit, and was discharged from hospital. 
As regards the eye, after a short quiet 
period, the changes in the right eye became, 
if anything, more acute. A flare developed 
in the aqueous fluid for two weeks, fresh 
keratic precipitates were deposited, and small 
vitreous hemorrhages occurred. The vit- 
reous then cleared, revealing the gross 
fundus changes still spreading. On two 
occasions she complained of intense pain 
in the eye during the night, and, in view of 
the possibility of a secondary glaucoma, the 
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eye was enucleated. At this time the ESR 
was 42 mm. in an hour. 

Three months later (aged 35) she com- 
plained of lassitude, loss of weight, and 
swelling of the legs, and vomiting started 
again. She was readmitted to hospital. 
She now had intermittent pyrexia (tem- 
perature of 102 F), which continued till 
the time of her death, three months later. 
The pulse rate was 120 on several occa- 
sions, and respirations averaged 28 per 
minute. Both legs were edematous. Neu- 
rological examination showed no extra 
physical signs. Respiratory and cardio- 
vascular systems were normal. The abdo- 
men was distended with gas and showed 
visible peristalsis. 

Results of investigations were as fol- 
lows: Bleod cell count: Hb., 67%; RBC, 
3,400,000 per cubic millimeter ; color index, 
0.9; WBC, 14,000 per cubic millimeter, of 
which 85% were neutrophils; 3%, eosino- 
phils; 9%, lymphocytes, and 4% mono- 
cytes. ESR was 45 mm. in an hour. The 
plasma proteins were 5.7 gm/100 ml., of 
which albumin was 2.3 gm. and globulin, 
3.4 gm. Plain radiographs of chest, the 
blood electrolytes, and examination of urine 
and feces were normal. Sigmoidoscopy re- 
vealed a reddened and granular mucosa, but 
without ulceration. 

She was treated empirically with chlor- 
tetracycline (Aureomycin), 1000 mg. daily, 
which five days later was replaced by peni- 
cillin, 500,000 units, and streptomycin 1 
gm. daily, but without any reduction of 
pyrexia. Constipation and profuse vomit- 
ing then occurred, and a laparotomy was 
done. The peritoneal cavity contained some 
straw-colored fluid. The jejunum was 
grossly dilated. The whole of the ileum, 
except the terminal 4 in., was abnormal; its 
wall was irregularly thickened and con- 
stricted, like a string of sausages, but col- 
lapsed and purplish, The cecum, the 
ascending and descending part of the colon, 
was thin-walled and dilated, while the de- 
scending colon and rectum were empty, 
though there was no abrupt constriction of 
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the splenic flexure. Liver, spleen, and other 
abdominal organs appeared normal. An 
enterocolostomy was performed and a small 
piece of small intestine, as well as a pore 
tion of rectus abdominis muscle, was sent 
for histological examination. The muscle 
was reported to be normal; the intestinal 
biopsy specimen showed an increased num- 
ber of eosinophils in the perivascular tissue 
of all layers. 

The postoperative course was compli- 
cated by a transient fecal fistula. On return 
to the medical ward the patient was found 
to have signs of peripheral neuropathy, i. e., 
hypotonia, wasting and weakness of periph- 
eral limb musculature, areflexia and glove- 
and-stocking cutaneous sensory loss. She 
was treated with cortisone, 300 mg. daily, 
and corticotropin (ACTH), 25 mg. by in- 
jection twice weekly. This had no beneficial 
effect, and she went into status epilepticus. 
This was controlled first by soluble pheno- 
barbital and then by the same drug orally 
and diphenylhydantoin (Phenytoin) 
dium. From this time on, she became 
drowsy and delusions developed. An elec- 
troencephalogram showed evidence of a 
discharging focus in the left temporal lobe. 
Status epilepticus returned, and the patient 
became disorientated, lapsed into stupor 
and coma, and died. 

Necropsy.—The body was that of an 
emaciated young woman. The right eye had 
been enucleated. There was an ill-defined 
parchment-like area of skin, 2.5 cm. diam- 
eter, in the central part of the brow. 

Internal examination § revealed note- 
worthy changes only in the organs detailed 
below. There was no sign of rheumatic 
endocarditis or of pulmonary tuberculosis. 
Loops of ileum were adherent to the an- 
terior abdominal wall in the region of the 
surgical incision and to the ascending colon. 
The mucosal aspect of the ileum showed 
numerous transverse bands of thickening, 
as many as five in 1 ft., each about 3 mm. 
in thickness. They appeared to be scars 
and caused a moderate narrowing of the 
lumen. The intervening mucosa had an 
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abnormal wrinkled appearance. At the site 
of adhesion to the ascending colon the 
ileum had three ulcers, with serpigenous 
outline and slightly raised margins. No 
tubercles could be recognized here or else- 
where. The mesentery contained one calci- 
fied lymph node. Other lymph nodes were 
prominent but showed no evidence of tuber- 
culosis. The kidneys showed very sparse 
ischemic scars in the cortices. The bone 
marrow was red in the distal half of the 
femur. The lungs showed basal edema and 
bronchopneumonia. 


The brain was examined after fixation. 
The basal meninges and those overlying 
sulci on the vertex showed slight fibrous 
thickening. The cerebral gyri comprising 
the inferior parietal lobule on the right side 
were swollen, soft, and discolored brown. 
On coronal section, this lesion overlay an 
old hemorrhage 4 cm. in diameter, which 
involved gray and white matter and had a 
reddish-brown capsule 1 mm. thick. Cor- 
tical softening affected also both temporal 
lobes and zones up to 3 mm. in diameter 


in the inferior frontal and lateral occipital 
regions. The vessels comprising the circle 
of Willis and its main branches were care- 


fully scrutinized, without revealing even 
slight mural thickening or thrombosis. The 
spinal cord appeared normal. 


Histology—Brain: The “hemorrhage” 
in the right parietal region consisted cen- 
trally of necrotic cerebral tissue, including 
compound granular corpuscles, mixed with 
masses of depigmented red cells. It was 
therefore hemorrhage into an area of soft- 
ening. The remaining softenings were of 
varied appearance. Some of the large areas 
of infarction, for example, at the tip of 
the right temporal lobe, showed a typical 
condensation in thickness of the gray mat- 
ter, with loss of the normal laminar 
pattern. There was an outer molecular 
and inner zone of proliferating swollen 
(gemastete) astrocytes, enclosing a band of 
proliferating capillaries with swollen endo- 
thelium. There was no cavitation. The 
underlying white matter showed reactive 
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gliosis. Another large area of infarction 
affecting the insular cortex showed loss of 
nerve cells only, with masses of reacting 
swollen astrocytes in all laminae. Many of 
the infarcts were of microscopical dimen- 
sions. In the putamen they either consisted 
of masses of compound granular corpuscles 
or were older and showed cavitation. In 
the frontal cortex, on either side of the 
median fissure, there were wedge-shaped 
areas, based on the surface, where nerve 
cells had disappeared and there was reactive 
gliosis. 

The blood vessels were of peculiar in- 
terest. Random sections through the large 
arteries at the base of the brain and in the 
cerebral sulci showed entirely normal walls, 
with a single internal elastic lamina. Many 
small arteries, however, of outside diameter 
100, to 200u, showed a considerable altera- 
tion of their wall. The elastic and muscle 
coats were lost and were replaced by con- 
centric rings of anuclear thick collagen. In 
most instances the collagenous fibers were 
separated, leaving a wide space between the 
innermost and outermost fibers. The endo- 
thelium represented by one or two pyknotic 
nuclei, enclosed a lumen reduced to a diam- 
eter often a quarter of that of the vessel 
as a whole (Fig. 3). The affected arteries 
were not ringed by lymphocytes unless they 
were in a territory of drainage adjoining an 
infarct, in which case the perivascular space 
contained a small number of these cells. 
In no instances were inflammatory cells 
found within the wall. The wall thickness 
and the situation of the vessels suggested 
that they were arteries, although on occa- 
sions it was not possible to exclude a ve- 
nous nature. The small arteries affected in 
this way were chiefly, but by no means 
exclusively, in the region ef the infarcts 
and dipping into the infarcted cortex. In 
the putamen arterioles often had thickened, 
partly hyaline walls. In the cortex some 
precapillaries showed fibrosis. 


Spinal Cord: The meninges in sections 
taken at representative levels showed slight 
fibrous thickening. Occasional small arter- 
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ies had slightly thickened collagenized 
walls, infrequently surrounded by a sparse 
lymphocytic infiltrate. Dorsal nerve roots 
occasionally showed patches of atrophy, 
surrounding small collagenized arteries. 
The cord itself appeared normal. 

Peripheral Nerve (Sacral): No changes. 

Muscle (Left Leg): There was obvious 
neurogenic atrophy, with reduction in size 
of many fibers, approximation of subsarco- 
lemmal nuclei, and occasionally nuclear 
clumping. There was no replacement fibro- 
sis. Groups of normal fibers with pre- 
served striations stood out in contrast to 
the atrophic fibers. Many small arteries 


Fig. 4.—Small artery in mus- 
cle showing adventitial lympho- 
cytic infiltration and _ intimal 
thickening. Hematoxylin § and 
eosin; >< 250. 
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Fig. 3.—A small perforating 
cerebral artery with an area of 
tissue rarefaction. The wall is 
composed entirely of collagenous 
fibers, and the lumen is much 
reduced. Hematoxylin and eo- 
sin; 155. 


had somewhat thickened walls in which the 
muscle coat remained prominent. One 
small artery showed subintimal and _peri- 
adventitial fibrosis, with a perivascular in- 
filtration of lymphocytes (Fig. 4). 

Skin: There was some flattening of the 
epithelial papillae and prominence but not 
degeneration of the collagen in the corium. 
The vessels were normal. The appearances 
were consistent with a mild degree of scle- 
roderma. 

Ileum: There were widespread areas of 
fibrosis, in which the muscle coat and mu- 
cosa were destroyed and fibrous tissue 
spread out beyond the confines of the serosa. 
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The fibrosis was nonspecific, and there 
were no lesions to suggest tuberculosis. The 
small vessels did not show any change. 

Kidney, Spleen, and Pancreas: These 
organs were normal, and their blood vessels 
were normal. 

Histopathology of the Eye.—The right 
eye was sent to Dr. Norman Ashton, at the 
Institute of Ophthalmology, London, who 
reported as follows: 

“Horizontal Sections. The cornea shows 
peripheral inflammatory infiltration, and 
there are a few keratic precipitates present. 
The whole of the anterior uvea is mildly 
infiltrated with chronic inflammatory cells 
of which plasma cells predominate. The 
uveal meshwork contains aggregations of 
inflammatory cells, but the filtration angles 
themselves are patent. Posterior synechiae 
are present. The lens is normal. The main 
pathological changes are in the posterior 
half of the eye where the choroid shows 
discrete focal aggregations of pale endothe- 
lioid cells surrounded with lymphocytes, 
plasma cells and eosinophils; a_ similar 
focus is seen at the root of the iris on one 


side [Fig. 5]. These infiltrations show no 
particular relationship to vessels and closely 
resemble those seen in sarcoidosis. In sev- 
eral areas this inflammatory tissue has 
eroded through Bruch’s membrane to form 
small pigmented nodules similar to those of 
Dalen-Fuchs. 

“The retina is shallowly but extensively 
detached and shows marked perivasculitis, 
oedema, intraretinal haemorrhage and nu- 
merous exudates. The most striking 
changes in the retina, however, are to be 
seen in the retinal vessels, which show the 
various stages of polyarteritis nodosa or 
necrotizing arteritis [Fig. 6]: in some the 
walls are uniformly thickened with sub- 
endothelial fibrin, in others fibrin has ex- 
uded through the vessel walls to form 
extramural foci, while the most severely 
affected vessels show necrosis, considerable 
disorganization and recanalization. All the 
vessels are surrounded with an intense in- 
flammatory infiltration in which eosinophils 
predominate. These vascular changes are 
active, acute and clearly of a specific char- 
acter and are not secondary to a granulom- 
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Fig. 5—Granulomatous focus 
at the root of the iris. Hema- 
toxylin and eosin; * 125. ( Pho- 
tomicrograph by Leeds 
University photography depart- 
ment.) 
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Fig. 6—Retina showing poly- 
arteritis or necrotizing angiitis. 
Hematoxylin and eosin; X 160. 


atous choroiditis. No toxoplasma or other 
organisms could be found in_ specially 
stained sections. 

“Polyarteritis nodosa of retinal vessels. 
Granulomatous uveitis.” 


Comment 


Until the eye sections were available, the 
pathological diagnosis remained in doubt. 
The skin changes, the widespread fibrosis 
in the ileum, the multiple cerebral infarcts, 
and the neurogenic muscular atrophy in- 
criminated some form of disseminated vas- 
cular disease, The ileal fibrosis was peculiar, 
but fibrotic lesions of the alimentary tract 
develop in 50% of cases of polyarteritis 
nodosa (Miller and Daley, 1946), and su- 
perficial erosion and ulceration may occur. 

The neurogenic muscular atrophy was 
presumably due to involvement of periph- 
eral nerves by vascular disease, although 
this was not proven by examination of the 
nerve segments available. Apart from the 
eye, however, there were no acute specific 
changes in the arteries in any of the organs 
examined. The retinal and choroidal lesions 
indicated without doubt a necrotizing poly- 
arteritis and gave a clue to the disease 
process affecting the patient as a whole. 
The present case is unusual in the restric- 
tion of the acute vascular lesions to the 
eye. This raises the problem of whether 
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the scarred, collagenized small cerebral ar- 
teries may have been related to previous 
attacks of polyarteritis. No acute vascular 
lesions were found in the brain, in spite of 
thorough search. Scarred arteries of this 
sort can sometimes be seen in the neigh- 
borhood of cerebral infarcts due to throm- 
bosis of large arteries in older patients. In 
the present case, however, the changes are 
particularly marked and had occurred in 
a young subject without arteriosclerotic 
changes in the larger arteries. They were 
by no means confined to the infarcts. It is 
reasonable to assume that the infarcts, large 
and small, were the result of the sclerosis 
of these numerous small arteries. 

Miller (1949) concluded that polyarteritis 
nodosa was an allergic response of ana- 
phylactoid type to a variety of antigenic 
agents, usually, but not invariably, bac- 
terial. The onset of the disease often fol- 
lows an infection or drug intoxication; 
many of the affected subjects give a history 
of other conditions, such as acute rheuma- 
tism or nephritis, which are probably de- 
termined by hypersensitivity; allergic 
phenomena, such as asthma or urticaria, 
frequently occur during the course of the 
malady. Rich (1942) and Gregory (1943) 
provoked an acute necrotizing arteritis in 
rabbits, which closely resembles polyarteritis 
in man, by the repeated injection of foreign 
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protein. Gillman and Gilbert (1956) pro- 
duced a necrotizing angiitis like polyarteritis 
in rats by an intensive vitamin D diet. Our 
patient gave a history of rheumatic fever 
and of toxemia in pregnancy, but no other 
allergic, toxic, or infective factors were 
identified. 

Miller and Daley (1946) reviewed the 
clinical aspects of polyarteritis nodosa as 
recorded in the world literature. The com- 
monest features included fever with 
disproportionate tachycardia, vascular hy- 
pertension, polymorphonuclear leukocytosis, 
elevation of the ESR, albumin and blood 
in the urine, and edema. Our patient 
showed only one of these signs, a raised 
ESR, in the early stages, and so the diag- 
nosis was initially difficult. Later she de- 
veloped pyrexia, leukocytosis, edema and 
also reversal of the albumin-globulin ratio, 
hypochromic anemia, and intestinal and cen- 
tral nervous complications. Furthermore, 
lipodystrophy of the face had not hitherto 
been recorded as occurring in association 
with polyarteritis nodosa, and its presence 
was considered to favor a diagnosis of dif- 
fuse scleroderma or systemic sclerosis, par- 
ticularly in view of the coexistence of 
intestinal lesions. Abdominal changes do, 
however, occur in a large proportion of 
polyarteritis cases. Sorsby (1951) puts it 
as high as 60%; Kernohan and Woltman 
(1938) and Miller and Daley (1946), as 
about 50% ; Davson, Ball, and Platt (1948) 
say that “very frequently there is abdominal 
pain, sometimes with symptoms of perfora- 
tion, peritonitis, or mesenteric thrombosis,” 
and in five out of eight of their fully re- 
corded cases abdominal symptoms presented. 
Goldstein and Wexler’s (1929) case had 
marked abdominal signs. 


Ophthalmic involvement is present in 
10% to 20% of polyarteritis cases. Usually 
it is an indirect effect and is due to the 


frequent renal involvement in the disease; 
Sampson (1945) and Wise (1952) point 
out that there are still very few published 
cases in which ophthalmoscopy has shown 
more than an ordinary albuminuric retinop- 
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athy. The direct involvement of uveal or 
retinal arteries by the inflammatory lesions 
of polyarteritis has not been recorded very 
often. There was an isolated brief descrip- 
tion of it in the 19th century by Miller 
(1889), though without illustrations; his 
paragraph describing it is quoted by Gold- 
stein and Wexler (1929), from which it ap- 
pears definite that the retinal arteries were 
directly affected by the inflammatory proc- 
ess, Thereafter little was heard of it until 
Hassen and Knack (1917) reported several 
cases of nephritis with or without albu- 
minuric retinopathy in which they found 
unexplained inflammatory lesions in the 
choroidal vessels of the eye. Friedenwald 
and Rones (1931) briefly mention this re- 
port and raise the question whether cases 
of polyarteritis might have been included in 
Hassen and Knack’s series. 

Christeller (1926) described inflammatory 
changes in the choroid in_ polyarteritis. 
Bock (1929) and von Herrenschwand 
(1929) independently illustrated lesions of 
polyarteritis in the ciliary arteries, but not 
intraocularly. Then Goldstein and Wexler 
(1929) reported the first complete study 
with photomicrographs of intraocular lesions 
in polyarteritis, and this work was followed 
by that of Friedenwald and Rones (1931) 
and Helpern and Trubek (1933). It is of 
interest that in none of these three reports 
did a search reveal any trace of inflamma- 
tory involvement of the retinal arteries, 
only of the choroidal vessels. This frequent 
involvement of the choroid is mentioned in 
recent reviews by Kernohan and Woltman 
(1938), Wise (1952), and Herson and 
Sampson (1949), and the last-mentioned 
authors consider that it may be due to the 
predilection of polyarteritis for vessels of 
medium size, there being a greater number 
of such vessels in the choroid than in the 
retina. Exudative retinal detachments, 
which may vary from time to time, have 
been recorded by Kernohan and Woltman 
(1938) (Case 5), by Sampson (1945), by 
Herson and Sampson (1949), and by Dav- 
son, Ball, and Platt (1948) (Case 13). Our 
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case also showed keratic precipitates and 
synechiae ; the occurrence in polyarteritis of 
this anterior uveitis is reported by several 
authors, e.g. King (1935); Sampson 
(1945) ; Miller and Daley (1946) ; Davson, 
Ball, and Platt (1948) (Case 8), and Goar 
and Smith (1952). 


The formation of granulomatous foci in 
polyarteritis was shown by Pagel (1951) 
to occur in relation to blood vessels. As 
regards the eye, Helpern and Trubek 
(1933), after describing lesions of poly- 
arteritis in the choroidal arteries, go on to 
say that “adjacent to and apparently asso- 
ciated with some of the necrotic arteries, 
small granulomatous-like nodules were 
found composed of fibroblasts and en- 
dothelial cells with a scant infiltration by 
polymorphonuclear leucocytes and capillary 
formation.” Their Figure 10 gives an ex- 
cellent picture of a granulomatous nodule 
in the choroid. More recently Boeck (1956) 
described granulomas developing in relation 
to affected choroidal vessels. In our case, 
Dr. Ashton has pointed out that they also 
occurred chiefly in the choroid and in the 
root of the iris. . 

The neurological complications of poly- 
arteritis nodosa have been reviewed by 
Kernohan and Woltman (1938), Foster 
and Malamud (1941), and Miller and Daley 
(1946). Thrombosis of vessels in the cere- 
brum, brain stem, or spinal cord may give 
rise to focal neurological signs, and, less 
often, hemorrhage may arise from an 
aneurysm into the cerebral substance or 
subarachnoid space. Fits occur in 15% 
(Harris, Lynch, and O’Hare, 1939), while 
dementia, confusional psychosis, and coma, 
unrelated to uremia, are fairly common. 
About 20% have peripheral neuropathy 
(Kernohan and Woltman, 1938; Jones, 
1940; Miller, 1949), either mononeuritis 
multiplex or polyneuritis. Though such may 
be due to toxemia, Miller (1949) has shown 
that the vasa nervorum may be involved by 
obliterative arterial disease. Our patient 
had mononeuritis multiplex with involve- 
ment of the trigeminus and the lumbar 
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nerve roots and later developed poltyneuritis, 
epilepsy, and confusional psychopathy and 
died in coma, 


Summary 

A case is reported of a woman 35 years 
of age who for four years previously had 
progressive loss of subcutaneous tissue of 
the left side of the face and for 34% years 
previously had intermittent diarrhea, vomit- 
ing, and loss of weight. 

During the three years she was under 
observation she developed symptoms and 
signs referable to one eye consisting of 
loss of vision, retinal perivasculitis, and 
iridocyclitis going on to gross retinal exu- 
dates and hemorrhages and papilledema. 
She also developed various neurological 
syndromes, including sensory neuropathy of 
the trigeminus, lumbar radiculopathy, poly- 
neuritis, epilepsy, and a confusional psychop- 
athy terminating in coma. Furthermore, 
there developed intestinal obstruction due to 
a diffuse pathology of the ileum and colon. 
Extensive investigations were done, and 
they were for the most part negative, though 
the ESR was persistently raised. During 
the terminal stages of her illness she had 
intermittent fever, leukocytosis, and inver- 
sion of the albumin-globulin ratio and 
failed to improve when she was given anti- 
biotics or cortisone. The general postmortem 
findings indicated some indeterminate form 
of disseminated vascular disease, but the 
histopathology of the involved eye revealed 
that the basic condition was, in fact, active 
polyarteritis. 

Dr. Hugh Garland gave advice in the prepara- 
tion of this paper, access to the patient, who was 
admitted under his care; Messrs. Hamblins, Lon- 
don, provided the fundus paintings. 

39 Micklegate. 
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Recovery of Toxoplasma from a Human Eye 


MICHAEL J. HOGAN, M.D.; PHYLLIS A. ZWEIGART, and ANN LEWIS, A.B., San Francisco 


Following the discovery of human con- 
genital toxoplasmosis, in 1937, it was sus- 
pected by ophthalmologists and other 
investigators that Toxoplasma might be a 
cause of acquired chorioretinitis. It was 
not until 1954 that Jacobs! reported the 
isolation of these organisms from the enu- 
cleated eye of an adult. The stram isolated 
from his patient was of high viruience for 
laboratory animals, closely resembling the 
well-known strain. 


In this paper we report the character- 
istics of a strain exhibiting low virulence 
for animals which was recovered from the 
enucleated eye of a 20-year-old youth. A 
diagnosis of congenital ocular toxoplas- 
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Fig. 1—Healed macular chorioretinitis, right 
eye, due to congenital toxoplasmic infection. 


Fig. 2——Acute chorioretinitis, left eye. Note old 
healed lesion in fundus periphery. 


mosis had been made on this patient eight 
years previously. 


Report of a Case 


A white boy aged 12 years was first seen 
in March, 1948, because he had sudden 
diminution of vision in his good left eye. 
During a routine clinic examination at the 
age of 1% years he had been found to 
have a chorioretinal scar in the macula of 
the right eye. There were no further eye 
difficulties until the present disturbance in 
the left eye. 

Upon examination, the right vision was 
15/200 and the left was 20/200. The right 
macula (Fig. 1) had a large area of healed 
chorioretinitis. The left eye (Fig. 2) 
showed a heavy vitreous haze and an indis- 
tinct massive yellowish area of inflamma- 
tion extending from the disc to the temporal 
periphery. X-rays of the skull showed 
calcifications (Figs. 3 and 4). The neutral- 
izing antibody test and the skin test were 
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_ Fig. 3—Lateral skull x-ray, showing calcifica- 
tions. 


positive. General physical examination was 
negative. There was no mental retardation 
or other effects of the congenital infection. 


Course.—Five months after the onset the 
left vitreous had cleared so that vision was 
20/70. Two and one-half years later the 
lesion was fairly well healed, leaving ex- 
tensive scarring and pigmentation of the 
entire temporal fundus. The vision was 
20/100. The methylene blue dye test was 
positive at a titer of 1:128. 

For several years, relapses occurred in 
this eye, so that the vision was lost. The 
eye became divergent and hypotonic, devel- 
oped a cataract, and commenced to shrink. 
The patient requested enucleation, which 
was done in June, 1956. The dye-test titer 
one year after enucleation was 1:16, and 
the skin test was still positive. 


Gross Examination.—The opened eye re- 
vealed a large yellow-white thickened area 
of chorioretinitis in the temporal portion 
extending from the optic disc almost to the 
ora serrata (Fig. 5). It was hemorrhagic 
in areas and was elevated by organizing 
exudate (Fig. 6). There was minimal dis- 


turbance of the pigment. Approximately 
three-fourths of the eye was used for cul- 
tures, and the other quarter, for histologi- 
cal study. 


Microscopic Examination.—The sections 
include a portion of the infected tissues 
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from the temporal side. Included in the 
specimen are some sclera, choroid, and 
retina. One section is composed only of 
choroid and retina, which show marked 
scarring and early bony degeneration (Fig. 
7). Some portions of the retina still show 
rather extensive necrosis with secondary 
gliosis. The acute phase of the inflamma- 
tion, however, appears to have healed by 
this time. 

Another specimen shows a portion of 
retina and choroid which are firmly bound 
to each other by a dense scar (Fig. 8). The 
retina is thickened and shows extensive 
gliosis. The vessels are congested, and 
there is migration of pigment. Some of the 
subretinal scar tissue shows numerous areas 
of calcareous and bony degeneration. 

The third specimen is composed of cho- 
roid, retina, and a portion of sclera. There 
is extensive thickening, disorganization, 
and scarring of the retina. Some of the 


Fig. 4.—Anteroposterior skull x-ray, showing 
calcifications, 
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Fig. 5.—Anterior half 
of the eye, showing the 
lens. Note the peripheral 
chorioretinal scarring 
near the edge of the tis- 
sue. 


vessels are obliterated as a result of the 
intense inflammation. There is a_ healed 
chorioretinal scar without residual inflam- 
mation. 

Serial sections of these specimens failed 
to show Toxoplasma, possibly because such 
a small specimen was used for microscopic 
studies. 


Cultural Studies—Mice: The chorioret- 
inal tissue from the back of the eye was 
ground in a mortar, diluted with saline, and 
inoculated intraperitoneally into four mice. 
Two of these mice were also given inocu- 
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lations intracerebrally with 0.03 ml. of the 
suspension. 

The mice did not show signs of illness. 
In three weeks their brains were removed, 
ground, and subinoculated intraperitoneally 
into four other mice (Subinoculation 1). 
Six days later these mice showed some 


signs of illness,' and it was possible to 
aspirate a small amount of peritoneal fluid. 
A few organisms were found which strong- 
ly resembled Toxoplasma. Other mice were 
given inoculations of this fluid (Subinocu- 
lation 2). 


Fig. 6.—Posterior half 
of eye, showing retinal 
thickening, elevation, and 
fibrosis, with organizing 
subretinal exudate. Note 
disc, with vessels radiat- 
ing to the quadrants. 
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Fig. 7.—Chorioretinal 
scarring in the posterior 
portion of the eye. Note 
calcareous degeneration. 
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Fig. 8.—Chorioretinal 
scarring in a portion of 
the posterior part of the 
eye. 
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Fig. 9%—Mouse peri- 
toneal fluid three days 
after inoculation, show- 
ing extracellular Toxo- 
plasma organisms. 


Eight days later these mice became some- 
what ill, and organisms resembling Toxo- 
plasma could be demonstrated in the 
peritoneal fluid (Fig. 9). Several new 
mice were given inoculations of this ma- 
terial and within a week became ill. All 
recovered (Subinoculation 3). 

Seven months later the brain from one 
of these mice was inoculated into other mice 
(Subinoculation 4). Twelve days later they 
were very sick. There were not enough 
Toxoplasma organisms in the peritoneal 
fluid to run the dye test, but transfers were 
continued. When the mice were killed, 10 
months later, the pooled sera from these 
mice showed a dye test titer of 1:1024. 

The 11th subinoculation produced suffi- 
cient peritoneal fluid in four days to use 
as antigen in the dye test. However, there 
were too many unstained (probably dead) 
organisms present, which made the negative 
control too high for a satisfactory test. 

The mice of Subinoculations 12 and 13 
were sick in three days, and abundant peri- 
toneal fluid was obtained. In tests with 
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these exudates the negative controls were 
satisfactory but the positive ones were not. 
When we used the RH strain as antigen for 
comparison, the titers with the RH strain 
were at least fourfold higher than with our 
strain (designated MF). Otherwise, the 
Staining characteristics were the same as 
those of the RH strain. 

After additional subcultures (18 months 
after enucleation) the strain has increased 
in virulence to the point where mice become 
nearly as ill in three days as those given 
inoculations of RH strain (Fig. 10). The 
peritoneal fluid, however, is still not satis- 
factory for the dye test and differs from 
that of the RH strain in being more mucoid 
and containing more clumped cells and 
debris. It also differs from that produced 
by another strain of low virulence previ- 
ously recovered from a spontaneously in- 
fected guinea pig. (This latter strain 
causes a large amount of rather watery 
peritoneal fluid with few organisms and 
many cells, whereas both the RH and the 
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RECOVERY OF TOXOPLASMA FROM HUMAN EYE 


Fig. 10.—One of the mice on the left has been 
given an inoculation of the RH strain, and one, of 
the MF strain. They appear equally sick three 
days after inoculation. The mouse on the right 
has not been given any inoculation. 


MF strain show many organisms and fewer 
cells. ) 
Four mice given inoculations on Sept. 


20, 1957, of peritoneal fluid of Subinocu- 


lation 7 recovered and appeared healthy on 
Nov. 22, 1957. At this time, one of these 
mice was killed and the blood serum was 
used for a dye test. The titer was 1:4096. 


The other three mice were given a 


challenge inoculation intraperitoneally of 
approximately 20,000 RH Toxoplasma 
organisms. Three new mice were given 
inoculations at the same time of the same 
amount of the inoculum. These control mice 
all died in five days. 

The protected mice began to look some- 
what ill on the ninth day. One of them died 
on the 10th day, but Toxoplasma organisms 
were not seen in the small amount of peri- 
toneal fluid obtained. The other two mice 
remained alive but showed definite post- 
encephalitic symptoms. 

Guinea Pigs: Two guinea pigs with nega- 
tive dye-test titers were given inoculations 
subcutaneously on April 17, 1957, of 0.1 
ml, of peritoneal fluid withdrawn from 
mice of Subinoculation 5. They did not 
become obviously sick, but within two 
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months they developed dye-test titers of 
1:16,384. At present the titer of one re- 
mains at 16,384 and that of the other has 
dropped to 1:4096. 

Two additional guinea pigs were given 
inoculations subcutaneously on Oct. 8, 
1957, of 0.5 ml. of peritoneal exudate from 
mice of Subinoculation 10. After one 
month one has a dye-test titer of 1:16,384 
and that of the other is 1:4096. 

Rabbits: Two rabbits were given inocu- 
lations subcutaneously on May 10, 1957, 
of 0.1 ml. of undiluted peritoneal fluid 
from mice of Subinoculation 6. Neither 
became ill. One of them developed a dye- 
test titer of 1:16,384, but the other re- 
mained negative. Because of the difficulty 
encountered in. obtaining peritoneal fluid 
from the mice at that time, it is possible 
that there were no organisms in the small 
amount of fluid inoculated into this rabbit. 
The rabbit which did not develop a titer 
and another new rabbit were given inocu- 
lations subcutaneously on Oct. 2, 1957, of 
0.5 ml. of peritoneal fluid from mice of 
Subinoculation 10. Their dye-test titer now 
is 1:16,384. 

Egg: Inoculation of 600,000 organisms 
of the stepped-up MF strain into chick 
embryo allantoic membranes caused marked 


Fig. 11.—Chick allantoic membrane four days 
after receiving inoculation of the MF strain (see 
text). 
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Fig. 12—Chick allantoic membrane four days 
after reciving inoculation of the RH strain. 


thickening and many pox. This greatly 
resembled the lesions caused by inoculation 
of 160,000 RH Toxoplasma organisms 
(Figs. 11, 12, and 13). 

This strain offers a distinct contrast in 
virulence to that isolated and cultured from 
an eye by Jacobs and the strains obtained 
from severe systemic infections. 


Comment 

These studies have been of great interest 
to us because of our suspicion that some 
cases of inapparent congenital toxoplasmo- 
sis, with late exacerbations of the disease, 
are caused by Toxoplasma strains of low 
virulence, 

This idea was suggested by the fact that 
in many cases of congenital toxoplasmosis 
the disease is extremely mild and is unrec- 
ognized until a late flare-up occurs. The 


Fig. 13.—Chick allantoic membrane control ; 
nutrient medium only was inoculated. 


present patient had a quiescent disease up 
to the age of 12, and the significance of the 
healed chorioretinitis which was discovered 
at the age of 1% was not apparent to the 
physician or the family. 

The isolation of Toxoplasma from the 
patient’s eye 20 years after birth demon- 
strates the great persistence of these organ- 
isms in pseudocyst form in the tissues, 
despite the low virulence of the strain. The 
differences in characteristics between the 
RH and MF strains which are discussed 
point up the low virulence of the MF strain 
for animals. 


Francis I. Proctor Foundation, University of 
California Medical Center (22). 
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Some Intraocular and Conjunctival Effects of 
Amphotericin B in Man and in the Rabbit 


J. B. T. FOSTER, M.D.; E. ALMEDA, M.D.; M. L. LITTMAN, M.D., Ph.D., and 


M. E. WILSON, Ph.D., New York 


Intraocular mycotic infection is rare, and 
it usually necessitates enucleation of the 
affected eye. We recently encountered three 
instances of fulminating fungus endophthal- 
mitis occurring as a postsurgical complica- 
tion of cataract extraction, in which a pure 
culture of the Volutella species* was 
isolated from each of the infected eyes. We 
believe that these cases are the first of this 
kind to be reported. In two cases the in- 
fection failed to respond to conventional 
therapy and was terminated only by enuclea- 
tion of the eye. In an effort to check the 
progress of infection in the third eye, a new 
antifungal antibiotic, amphotericin B,+ was 
administered by parenteral, conjunctival, 
and intraocular routes. This clinical trial 
of amphotericin B for ocular infection, to- 
gether with the experimental use of the 
antibiotic in the eyes of rabbits, is the sub- 
ject of this report. 

Amphotericin B is a polyene antifungal 
antibiotic which was isolated in 1955 by 
Gold, Stout, Pagano, and Donovick! from 
a soil strain of Streptomyces originating in 


Submitted for publication March 25, 1958. 
From the Departments of Ophthalmology and 


Pathology, St. Luke’s Hospital (Drs. Foster, 
Almeda, and Wilson), and the Department of 
Microbiology, Mount Sinai Hospital (Dr. Litt- 
man). Present address (Dr. Foster): Lenox Hill 
Hospital, 111 E. 76th St., New York 21. 

* Dr. G. A. deVries, Centraalbureau voor Schim- 
melcultures, Baarn, Netherlands, provided the 
taxonomic identification of the culture. The 
closest species name that could be applied to this 
organism was Volutella cinerescens (Cesati) Sacc., 
belonging to the family Tuberculaceae. 

+ The trade name of E. R. Squibb & Sons, Divi- 
sion of Olin Mathieson Chemical Corporation, for 
amphotericin B is Fungizone. 


Venezuela. In agar dilution tests, ampho- 
tericin B exhibited marked fungistatic action 
against numerous species of fungi, such as 
Candida albicans, Cryptococcus neoformans, 
Histoplasma capsulatum, Blastomyces der- 
matitidis, Blastomyces brasiliensis, and Spo- 
rotrichum schenckii. Higher degrees of 
resistance to the antibiotic were encountered 
with other pathogenic fungus species, such 
as Nocardia asteroides, Aspergillus fumi- 
gatus, Phialophora verrucosa, Hormoden- 
drum compactum, and Hormodendrum 
pedrosoi." 

The pharmacology of amphotericin B in 
man and animals and the clinical uses of this 
antibiotic for the deep mycoses have been 
described.'"* The maximum intravenous 
dose of amphotericin B tolerated by humans 
is 1.0 to 1.5 mg. per kilogram per day, which 
produces a blood level of the antibiotic no 
greater than 1.8yg. per milliliter.‘* Although 
this level is higher than is necessary to 
inhibit most species of pathogenic fungi, 
it is too low to check the growth of the 
Volutella species, which requires a concen- 
tration of 10g. per milliliter of ampho- 
tericin B. In view of these limitations, it 
seemed reasonable to employ direct intra- 
ocular injections of the drug to inhibit the 
growth of this fungus. In the absence of 
clinical data on the safety of intraocular 
administration of amphotericin B in humans, 
it was necessary to conduct preliminary 
studies of the clinical and pathological effects 
of such instillations in the eyes of experi- 
mental animals. Rabbits were chosen for 
this purpose because of their availability 
and relative ease of handling. The effect 
of amphotericin B, in varying intraocular 
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and conjunctival dosages, was studied in 
healthy and in  Volutella-species-infected 
rabbit eyes. 


Methods 


Amphotericin B Solutions —Solutions of 
amphotericin B were prepared aseptically 
in sterile distilled water in concentrations 
varying from 500ug. to 5000ug. per milli- 
liter. All intraocular doses of the drug used 
for both rabbit and human eyes were 
brought to a standard volume of 0.05 ml. 
Injections of amphotericin B solutions were 
made with a sterile 1 ml. tuberculin syringe 
and 26 or 27 gauge hypodermic needle into 
the anterior chamber of anesthetized human 
and rabbit eyes. The Van Lint anesthesia 
technique, employing retrobulbar injections 
of 2% procaine (Novocain), was used for 
the human eye, while ether anesthesia was 
used for rabbits. Single intraocular doses of 
amphotericin B in rabbits varied from 
25ug. to 250ug. For topical use, ampho- 
tericin B was mixed in bacitracin ointment 
in concentrations varying from 250yg. to 
50,000ug. per gram and applied daily. 

Experimental Infections—A washed 
saline suspension of the Volutella species 
was prepared from a four-day-old culture 
growth on Sabouraud dextrose agar. The 
suspension matched the turbidity of a Mac- 
farland No. 1 standard and contained ap- 
proximately 115,000 spores and mycelial 
segments per milliliter, as ascertained by 
direct microscopic count in a blood cell 
counting chamber. A culture suspension con- 
taining approximately 3500 spores was in- 
jected into the anterior chamber of each 
rabbit eye. 

Before and after enucleation of the rabbit 
eyes, aqueous humor was aspirated and cul- 
tured for fungi on Sabouraud dextrose agar, 
liver-spleen glucose blood agar, and Littman 
oxgall agar. Cultures for bacteria were 
made in veal heart infusion blood agar and 
in thioglycollate broth. All enucleated eyes 
were fixed in 10% formalin, imbedded in 
celloidin, sectioned at to and stained 
with hematoxylin and eosin and with Gridley 
fungus stains. 
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Experimental Study 


The eyes of 20 female New Zealand white 
rabbits weighing 2 to 3 kg. were used for 
study. The animals were divided into three 
groups. 

Group A. Drug Controls, Intraocular In- 
jection. —The left eyes of nine rabbits were 
injected with a standard volume (0.05 ml.) 
of amphotericin B solution into the anterior 
chambers; the right eye of each animal 
served as a control. These single doses con- 
tained to 250ug. of amphotericin B. 
Enucleations were performed 4 to 15 days 
later. 

Clinical Changes: A single dose of 25yg. 
of amphotericin B caused slight hyperemia 
of the iris, opacity of the lens, and slight 
palpebral conjunctival congestion, all of 
which resolved in 36 hours with no clinical 
or pathological sequelae. Doses of 35g. and 
50ug. caused palpebral and bulbar conjunc- 
tival congestion, corneal edema, slight cloud- 
ing of the aqueous humor, iridal hyperemia, 
and opacity of the lens. All of these effects 
resolved in 96 hours, with no clinical or 
pathological sequelae. Doses of 125yg. and 
250ng., on the other hand, caused severe 
chemosis of the bulbar and palpebral con- 
junctivae, marked corneal edema, and cloud- 
ing and exudation in the anterior chamber. 
Most of these changes did not resolve. The 
results are summarized in Table 1. Cultures 
of all eyes in this group were negative for 
bacteria and fungi. 

Group B. Drug Controls, Conjunctival 
A pplication.—Conjunctival applications of 
bacitracin ointment containing amphotericin 
B in concentrations of 250yug. to 50,000ug. 
per gram were made twice daily for four 
days to the eyes of four rabbits. Enuclea- 
tions were performed 7 to 11 days later. 
Cultures of all eyes were negative for 
bacteria or fungi. 

Clinical Changes: Doses up to and includ- 
ing 500ug. per gram were well tolerated and 
failed to cause an irritating effect in the 
rabbit eye. Higher concentrations, up to 
50,000ug. of amphotericin B per gram, 


-caused a slight palpebral conjunctival con- 
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TaBLe 1.—Summary of Clinical Changes Observed in Rabbit Eyes 
Injected with Single Doses of Amphotericin B 


Resolution 


Complete, 36 hr. 

Complete, 96 hr. 

Complete, 96 br. 

Incomplete; corneal opacity & 
pannus, posterior synechiae 
Incomplete; corneal opacity & 
pannus, posterior synechiae 


* Edema, clouding, and pannus. 


gestion, slight epithelial edema of the 
cornea, and iridal congestion. These changes 
resolved within six days. 

Group C. Volutella-S pecies-Infected Eyes 
Treated Intraocularly with Amphotericin 
B.—Seven rabbits (13 eyes) received in- 
jections of spore suspension into the an- 
terior chamber. As shown in Table 2, some 
of these eyes were treated intraocularly 
with one or two doses of amphotericin B, 
administered over varying periods of time, 
while the other eyes remained untreated. 
Three successive intraocular doses of 25yug. 
to 35ug. of amphotericin B, every three 
days, produced reactions similar to those 


following a single dose, with resolution each 
time. 

Clinical Changes: Injections of fungus 
spore suspensions caused clinical changes 
in the rabbit eye similar to those produced 
by 50g. of amphotericin B alone (Table 
1). These changes resolved within six 
days, while those produced by amphotericin 
B alone took only four days (Table 1). 
The initial reaction in the anterior chamber 
to the drug or spore suspension appeared 
to be due to trauma, to the introduction of 
foreign matter, or to both. 

There were only four established infec- 
tions in 13 rabbit eyes inoculated with Vol- 


TaBLe 2.—Summary of Results in Volutella-Species-Infected Rabbit Eyes 
Treated Intraocularly with Amphotericin B 


Intraocular Therapy 


Dose, ug. Day * 


lewoaacea 
| | @ 


#111 


999999 


125 (topical) 


Culture 


Histological Findings 


Fungus 
Isolation Inflammation Fungus 


etocooot 


S S22222 


* Day after injection of fungus suspension. 
Foster et al. 


x | 
3 Anterior 
Chamber 
Clouding 
Conjunctiva Cornea & Iris Lens Fundus 
Dose, »g. Congestion Reaction* Exudation Hyperemia Opacities Reflex 
25 + 0 0 +++ 
Y 35 ++ + + + + +++ 
++ + + ++ ++ ++ 
125 +++ ++ ++ Not + 
Chemosis Visualized 
250 +4+4++ +++ +++ +++ Not 0 
‘ Chemosis Visualized 
Rabbit 
No. Eye Dose, ug. Day * Days * 
5 
6 

18 

19 

20 

= 4 
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Fig. 1 (Rabbit 19).— 
Right eye. Note the an- 
terior chamber abscess, 
the massive lenticular 
detruction, and the cili- 
ary involvement. Hema- 
toxylin and eosin; X 6. 


Fig. 2 (Rabbit 20).— 
Right eye. The destruc- 
tive process is similar to, 
but less advanced than, 
that seen in Figure 1. 
Note the leukocytes pass- 
ing through the zonular 
ligaments. Hematoxylin 
and eosin; X 22. 
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Fig. 4 (Rabbit 19).— 
Right eve. Fungal hy- 
phae radiating from a 
colony near the edge of 
the abscess. Gridley 
stain; 1000. 
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Fig. 3 (Rabbit 20).— 
Left eve. The pupil is 
obliterated by hyalinized 
fiber adhering to the cor- 
neal endothelium. Hema- 
toxylin and eosin; 22. 
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Fig. 5 (Rabbit 8).— 
Right eye. Fungal hy- 
phae at edge of abscess. 
Gridley stain; x 1000. 


utella species spores, while all others 
resolved. This low incidence of infection, 
despite the introduction of approximately 
3500 fungus spores in each eye, was at- 
tributed to the low virulence of the organism 
coupled with high tissue and/or host re- 
sistance. There was at least one instance of 
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established infection in which spontaneous 
cure occurred without treatment, viz., the 
left eye of Rabbit 20 (Table 2). One may 
discount the single, late conjunctival dose of 
amphotericin B given in this case. 

The treatment schedule, culture results, 
and histological findings in the rabbit eyes 


Fig. 6 (Rabbit 20).—Right eye. 


Macro- 


phage filled with fragmented PAS-positive 
matter. Gridley stain; * 1800. Slightly re- 
touched. 
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Fig. 7.—Sporophores 
and conidia of Volutella 
species in microculture. 
Although the resemblance 
to Cephalosporium species 
is striking, this type of 
spore formation is sec- 
ondary to the production 
of sporodochia or fruit- 
ing bodies of interwoven 
conidiophores (not shown 
here) which are charac- 
teristic for Volutella; 
Slide culture; unstained; 
< 2000. Slightly _re- 
touched. 


Fig. 8.—Giant filamen- 
tous colony of Volutella 
species on Sabouraud’s 
dextrose agar at 20 C. 
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of Group C are summarized in Table 2. 
Within 6 to 10 days after fungus inoculation 
infection of the eye was characterized by 
the appearance in the anterior chamber of 
macroscopic creamy nodules which measured 
0.1 to 0.2 mm. in diameter and had sparse 
gray filamentous edges. The clinical courses 
of the four established infections varied as 
follows: 

Ragsit 8.—Infected right eye. No treat- 
ment. Growth of the fungus was minimal, 
disappearing by the 21st day, and had not 
recurred at the time of enucleation 53 days 
later. 

Rassit 19.—Infected right eye. Two in- 
traocular doses of amphotericin B (40xzg. 
and 35yg.). Destruction of the structures 
of the eye was progressive. A hypopyon 
obliterated the anterior chamber, and mild 
buphthalmos was observed. 

Rassit 20.—Infected right eye. No treat- 
ment. A well-demarcated oval iridal exu- 
date, measuring 1X4 mm., developed at 4 
o'clock, and the pupil was pulled upward. 

Rassit 20.—Infected left eye. Conjunc- 
tival application of amphotericin B. A hy- 


Color Plate—Effects of single intraocular in- 
jections of amphotericin B in rabbit and human 


eyes. 

A-G, Controls, rabbit eyes: 

A, 25ug. Bulbar and palpebral conjunctival con- 
gestion. Resolution in 36 hours. 

B, 35pg. Bulbar and palpebral conjunctival con- 
gestion and chemosis, slight corneal edema, and 
minimal exudates in the anterior chamber; iris 
hyperemia. Resolution in 96 hours. 

C, 125pg. Moderate bulbar and palpebral con- 
junctival congestion and chemosis, moderate corneal 
edema, and exudates in the pupillary area. Iris 
hyperemia. Resolution incomplete. 

D, 250ug. Severe bulbar and palpebral conjunc- 
tival congestion and chemosis; severe corneal edema 
and staphyloma. Exudates in anterior chamber 
and iris hyperemia. Resolution incomplete. 

E, Rabbit 5, O.D. (Tabie 2), six days after 
25ug. of amphotericin B. Slight bulbar and pal- 
pebral conjunctival congestion. No remarkable ab- 
sorption of the grayish exudate in the anterior 
chamber. Resolution clinically after 29 days. 

F, Rabbit 6, O.D. (Table 2), six days after 
30ug. of amphotericin B. Slight bulbar and pal- 
pebral conjunctival congestion and hyperemia. Cor- 
neal edema and pannus between 9 and 12 o'clock. 
Clouding of aqueous. Resolution after 29 days. 

G, Rabbit 20, O. D. (Table 2), 60 days without 
treatment. Buphthalmos, severe conjunctival con- 
gestion and chemosis, corneal opacity, abscess in 
the anterior chamber. Severe iris hyperemia. 

H, Patient’s left eye after two doses of ampho- 
tericin B. Bulbar and palpebral conjunctival con- 
gestion, cornea clear, receding of fungus growth. 
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popyon developed, disappearing on the 30th 
day. This was replaced by an exudate sim- 
ilar to that seen in the right eye. The pupil 
became an eccentric yellowish dot located 
at 10 o'clock. 

Pathological Changes: Successful experi- 
mental infection of the anterior chamber 
with the Volutella species was characterized 
by abscess formation, keratitis, corneal ne- 
crosis, iritis, lenticular destruction, and 
eventual involvement of the vitreous. The 
abscess was comprised of polymorphonuclear 
leukocytes, round cells, and monocytes. 
Gridley fungus stains revealed fungal 
hyphae near the periphery of the abscess, 
but hematoxylin and eosin stains had failed 
to demonstrate them. When healing oc- 
curred, it was by the process of granulation 
and fibrosis, with the clinical sequelae de- 
pendent on the formation of adhesions. The 
killed fungus was undoubtedly removed by 
phagocytosis, The right eye of Rabbit 20 
yielded a positive culture at enucleation, and 
no hyphae were observed in or near the 
abscess with Gridley stain. However, 
numerous macrophages contained periodic 
acid-Schiff (PAS)-positive fragments which 
were interpreted as products of fungus cells 
and fungus “dust.” In contrast, the left 
eye of Rabbit 20, which yielded a positive 
culture at four days but was sterile at 
enucleation, contained an organized exudate 
in the anterior chamber. This area, however, 
was devoid of PAS-positive fragments. 


Clinical Study 


A 78-year-old white woman with bilateral 
nuclear cataracts underwent first right and 
then left intracapsular cataract extractions. 
Endophthalmitis appeared in the right eye 
nine days after the first operation. Despite 
intensive treatment with nystatin (Myco- 
statin) orally and locally, chloramphenicol 
(Chloromycetin) orally, and penicillin in- 
tramuscularly, the endophthalmitis increased 
in severity, necessitating enucleation of the 
eye on the 47th postoperative day. Culture 
examination of the eye yielded a pure cul- 
ture of Volutella species, and histological 
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examination revealed an anterior chamber 
abscess in which numerous spores and 
branching hyphae of the fungus could be 
demonstrated with Gridley stain but not 
with hematoxylin-and-eosin stain. 

Early signs of endophthalmitis also ap- 
peared in the left eye, 31 days after intra- 
capsular extraction of a cataract. Three gray 
nodules, averaging 0.5 mm. in size, appeared 
on the anterior surface of the vitreous near 
the pupillary border of the iris, at 6 o'clock. 
Gray filaments extended radially about each 
central nodule. 

Thirty-six days after operation, 75 mg. 
of amphotericin B in 500 cc. of 5% dextrose 
in water for injection U. S. P. was admin- 
istered intravenously over a period of six 
hours. This dose was repeated on alternate 
days, without effect on the ocular disease. 
Intravenous therapy was discontinued when 
the minimal inhibitory concentration of am- 
photericin B for the Volutella species was 
found to be 10yg. per milliliter, or approx- 
imately five times the maximal blood level of 
amphotericin B (1.8yg. per milliliter). 

Guided by the tolerances of rabbit eyes 
to amphotericin B, as described above, and 
with the use of local procaine anesthesia, 
we administered this antibiotic in 0.05 ml. 
volumes. It was given intraocularly, subcon- 
junctivally, and conjunctivally (in an oint- 
ment) as follows: 


Postoperative Day Dose of Amphotericin B, gg. 


43 12.5 intraocularly (anterior 
chamber ) 
46 35 intraocularly 


15 subconjunctivally 
5000 per gram of bacitracin oint- 
ment, conjunctivally, daily 
for 5 days 
55 35 intraocularly 
15 subconjunctivally 
5000 per gram of bacitracin oint- 
ment, conjunctivally, daily 
for 5 days 
75 40 intraocularly 
Each intraocular injection of amphotericin 
B into the anterior chamber produced an 
exudation similar to that observed in the 
rabbit eyes. Within 48 hours the exudate 
began to diminish, leaving the pupil covered 
with a yellowish membrane. As the edges 
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of this membrane receded, the fungus nod- 
ules enveloped within the membrane began 
to decrease in size, and their gray radial 
filaments disappeared entirely. Clinical im- 
provement was noted to be greatest by the 
10th day after the first injection and by the 
7th day after succeeding injections. By 
the 50th postoperative day vision was lim- 
ited to counting fingers at 6 ft. with a +10 
lens. Fungus nodules were no longer 
visible. The fungus growth in the eye re- 
curred, however, within 12 days, and a final 
injection of 40ug. of amphotericin B was 
given. The outcome was a pannus, ham- 
mock pupil, and decreased intraocular ten- 
sion. 

By the 111th postoperative day the left 
eye was clinically “quiet.” On the 132d 
postoperative day central iridotomy revealed 
a contracted vitreous and a funnel-shaped 
retinal detachment but no active infection. 
At the present time, 15 months after the 
original operation, the patient has an 
asymptomatic, fungus-free, but blind eye. 


Summary and Conclusions 


Amphotericin B, administered by intra- 
ocular, subconjunctival, and conjunctival 
routes in a human case of Volutella species 
infection of the anterior chamber of the eye, 
seemed to eradicate the fungus. However, 
sufficient damage had occurred during the 
course of infection to produce a pannus, 
hammock pupil, contracted vitreous, retinal 
detachment, and blindness. 

The safe intraocular dosage of ampho- 
tericin B in the rabbit and human eye is 
20ug. to 35yg. injected into the anterior 
chamber in a volume of 0.05 ml. every 10 
days for a total of three doses. 

A safe range of concentration of am- 
photericin B for daily application to the 
rabbit and human conjunctiva and cornea 
is 5 to 10 mg. (5000ug. to 10,000ug.) per 
gram of bacitracin ointment. 

Infection of the rabbit eye with Volutella 
species is difficult, even with a heavy inoc- 
ulum. Once induced, infection with the 
fungus species may proceed to panophthal- 
mitis or may regress spontaneously. 
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The effects of amphotericin B in the 
healthy and Volutella-species-infected rab- 
bit eye and its application to a case of 
Volutella species endophthalmitis in a 78- 
year-old woman, which occurred after an 
intracapsular cataract extraction, are de- 
scribed. A course of therapy such as that 
described may prove helpful in other fungus 
endophthalmitides if instituted promptly, 
particularly if the invading organism is 
more sensitive to amphotericin B than is 
Volutella species. 


St. Luke’s Hospital, Amsterdam Ave. & 113th 
St. (25). 


REFERENCES 


1. Gold, W.; Stout, H. A.; Pagano, J. F., and 
Donovick, R.: Amphotericins A and B, Antifungal 
Antibiotics Produced by a Streptomycete: I. In 
Vitro Studies, Antibiotics Ann., p. 579, 1955-1956. 

2. Summary of Information for Clinical Investi- 
gators, E. R. Squibb & Sons, Division of Olin 
Mathieson Chemical Corporation, New Brunswick, 
N. J., Oct. 28, 1955. 

3. Steinberg, B. A.; Jambor, W. P., and Suydam, 
L. O.: Amphotericins A and B: Two New Anti- 
fungal Antibiotics Possessing High Activity 
Against Deep-Seated and Superficial Mycoses, 
Antibiotics Ann., p. 574, 1955-1956. 

4. Steinberg, T. H.; Wright, E. T., and Oura, 
M.: A New Antifungal Antibiotic, Amphotericin 
B, Antibiotics Ann., p. 566, 1955-1956. 

5. Vandeputte, J.; Wachtel, J. L., and Stiller, 
E. T.: Amphotericins A and B, Antifungal Anti- 
biotics Produced by a Streptomycete: II. The 
Isolation and Properties of the Crystalline Ampho- 
tericins, Antibiotics Ann., p. 587, 1955-1956. 


6. Dutcher, J. D.; Young, M. B.; Sherman, 
J. H.; Hibbits, W., and Walters, D. R.: Chemical 
Studies on Amphotericin B: I. Preparation of the 
Hydrogenation Product and Isolation of Myco- 
samine, an Acetolysis Product, Antibiotics Ann., 
p. 866, 1956-1957. 

7. Louria, D. B.; Feder, N., and Emmons, C. 
W.: Amphotericin B in Experimental Histoplas- 
mosis and Cryptococcosis, Antibiotics Ann., p. 870, 
1956-1957. 

8. Baum, G. L.; Rubel, H., and Schwarz, J.: 
Treatment of Experimental Histoplasmosis, Anti- 
biotics Ann., p. 878, 1956-1957. 

9. Summary of Information for Clinical In- 
vestigators, E. R. Squibb & Sons, Division of 
Olin Mathieson Chemical Corporation, New Bruns- 
wick, N. J., March 8, 1957. 

10. Fungizone for Injection: Squibb Ampho- 
tericin B Desoxycholate Complex for Injection, 
E. R. Squibb & Sons, Division of Olin Mathieson 
Chemical Corporation, New Brunswick, N. J., 
June 26, 1957. 

11. Fiese, M. J.: Treatment of Disseminated 
Coccidioidomycosis with Amphotericin B: Report 
of a Case, California Med. 86:119, 1957. 

12. Littman, M. L.: Preliminary Observations 
on the Intravenous Use of Amphotericin B, an 
Antifungal Antibiotic, in the Therapy of Acute and 
Chronic Coccidioidal Osteomyelitis, read in the 
Conference on Coccidioidomycosis, Phoenix, Ariz., 
U. S. Department of Health, Education, and Wel- 
fare and Arizona State Health Department, Feb. 
11-13, 1957, p. 86. 

13. Littman, M. L.; Pisano, M. A., and Lan- 
caster, R. M.: Induced Resistance of Candida 
Species to Nystatin and Amphotericin B, Anti- 
biotics Ann, p. 981, 1957-1958. 

14. Littman, M. L.; Horowitz, P. L., and 
Swadey, J. G.: Coccidioidomycosis and its Treat- 
ment with Amphotericin B, Am. J. Med. 24:568- 
592, 1958. 


The Character of the B-Wave in the Human 
Electroretinogram 


E. PARKER JOHNSON, Ph.D., Waterville, Maine 


Introduction 

It is now nearly 100 years since Frithiof 
Holmgren placed recording electrodes on 
an eye and discovered that a momentary 
change in potential accompanies the reaction 
of the eye to light. The electrical response 
that he found paralleled subjective aspects 
of vision in several ways. Research since 
Holmgren’s time has been directed toward 
fuller exploration of these parallels. 

The electroretinogram, or ERG, has 
proved to be a complex phenomenon. The 
search still continues for ways in which 
aspects of the responses may be used as 
objective indices of visual processes. For 
the physiologist this electrical behavior is 
interesting both for itself and for what it 
reveals of neural activity within the eye. 
To the psychologist there occurs the hope 
that it may enable him to bypass some of 
the tortuous paths of psychophysics. And 
to the clinician the ERG presents itself as 
a possible means of diagnosing particular 
functional deviations. The purposes of all 
these will be best served if the attention of 
experimenters can be centered on the task 
of producing an accurate, detailed picture 
of the forms and variations of response cor- 
related with major stimulus variables. Not 
until these various parameters have been 
adequately cataloged will we be able to select 
the most suitable conditions for observing 
particular aspects of the response or to sug- 
gest standard conditions for clinical use. 

Much of the interest in the human ERG, 
whether supported by practical-clinical or 
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by theoretical-experimental considerations, 
has centered on the b-wave, the most promi- 
nent component of the response. In this 
paper I shall try to set forth, in organized 
fashion, what is known of the b-wave. The 
presentation will be selective rather than 
exhaustive, its content and emphasis deter- 
mined by the concept of research need out- 
lined in the previous paragraph. To ma- 
terial available in the literature I shall add 
some new facts and some new interpreta- 
tions which have emerged incidental to work 
carried out in the psychological laboratory 
of Brown University during the past sev- 
eral years. 

The Phenomenon as First Viewed.—In 
1865 Holmgren * reported a momentary in- 
crease in the electrical positivity of the 
cornea at the onset of light. The phenome- 
non did not immediately command the at- 
tention of the scientific world, and no one 
other than Holmgren did anything with it 
until its independent rediscovery in 1873 by 
Dewar and McKendrick.***? These investi- 
gators *! carefully bisected the eye of a frog, 
so as to remove completely the anterior 
portion, including cornea, iris, ciliary mus- 
cle, and lens. With the retina thus isolated 
they found the same response, as sensitive 
to light as when the whole eye was em- 
ployed. They demonstrated that it was the 
retina, and not some other portion of the 
eye, which was electrically responsive to 
stimulation by light. They went on to study 
the response in a variety of animals, includ- 
ing man. With the introduction of new 
recording techniques, around the turn of 
the century, interest developed in intricacies 
of the response previously overlooked or 
disregarded. But before investigation 
graduated to this new plane of concern for 
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individual “components” in the response 
several significant observations had been 
made, primarily relevant to the major com- 
ponent, or, as we usually know it today, 
the b-wave. 

A comparison of electrical responses 
from the eyes of experimental animals with 
some of the well-known aspects of human 
vision revealed significant parallels. Thus, 
Dewar and McKendrick** had found the 
amplitude of the electrical response roughly 
proportional to the logarithm of the stimulus 
intensity—suggestively in agreement with 
Weber’s law. Kiihne and Steiner had 
observed that adaptation to light reduced 
the magnitude of the response while dark 
adaptation restored it. Dewar and McKen- 
drick * and Holmgren himself ** had seen 
that the middle wavelengths, those which 
appear brightest to the human eye, were 
also most effective in evoking electrical re- 
sponses. The relationship, or at least the 
relevance, of the ERG to visual processes 
was well established. 

Analysis of the Response into Compon- 


ents—The first discoverers remarked only 
the presence of positive* on- and off- 
responses, as in the first diagram (Fig. 14). 
But in 1903 Gotch,** using a capillary elec- 
trometer, obtained records without serious 
distortion, and in these he noted a small 
negative deflection just ahead of the main 


* As the response is typically recorded with the 
active electrode on the cornea, a positive com- 
ponent is one characterized by positivity of the 
cornea with respect to the fundus. 


positive on-response. A second, slow or 
late, positive component also began to be 
noted, though this was attributed by some 
to muscle artifact associated with the pupil- 
lary response. Briicke and Garten,” using 
a string galvanometer, soon reaffirmed the 
retinal origin of the slower component. 
They also confirmed the existence of Gotch’s 
early negative component. In their work 
they demonstrated the basic similarity of 
responses produced by animals throughout 
the vertebrate series, from fish to monkey. 
Though latency and duration varied from 
species to species, the typical response was 
seen as follows: first a brief negative dip, 
immediately succeeded by a larger positive 
swing which soon declined somewhat and 
then either remained level or rose again 
slightly (second positive wave) until the 
light was turned off. At “off” there was 
another small positive swing, then a return 
of the potential to the base line. A con- 
ventionalized drawing of the waves de- 
scribed here appears in Figure 1B. 

The fashion of referring to the various 
parts of the response by letter dates from 
1908, when Einthoven and Jolly * presented 
their historic analysis. They show records 
from the frog eye, responses to lights 
varying in intensity and in duration. On 


+ Even though, in work with animals, such 
responses have appeared after the iris has been 
removed or paralyzed,” iris artifacts are oc- , 
casionally taken for retinal responses. Karpe™ 
has demonstrated clearly the appearance of this 
artifact in the human ERG. 


Fig. 1—A, from a fig- 
ure published by Dewar 
and McKendrick.™ A dia- 
grammatic reconstruction 
of galvanometer deflec- 
tions which the authors 
observed as the stimulus 
was turned on and off. 
B, diagrammatic repre- 
sentation of the ERG as 
observed and described 
by Briicke and Garten™ 
and by other early inves- 
tigators. On- and off- 
responses shown. C, the 
response to a brief stimu- 
lus flash with a-, b-, and 
c-waves designated. After 
a figure presented by 
Einthoven and Jolly.” 
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these records the observed peaks are labelled 
as a-, b, and c-waves. These |letter- 
designations are shown in Figure 1C. A 
positive off-response at the cessation of long 
flashes of light (somewhat longer than that 
chosen for illustration) was called by them 
the a;-wave but is now regularly known as 
the d-wave. 

Three underlying processes were assumed 
by Einthoven and Jolly: 

(1) A response of short latency, negative 
to light, positive to darkness (the a- and 
d-waves were its manifestation). 

(2) A response of longer latency, posi- 
tive to light (the b-wave), more sluggishly 
negative to dark. 

(3) A very sluggish response, positive 
to light (the c-wave) and negative to dark. 

These components are diagrammed in 
Figure 2A. Little justification has ever been 
advanced for the inclusion of off-responses 
as parts of the second and third processes. 
Much of the behavior of the response was 
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made more intelligible, however, by viewing 
the response as the algebraic summation of 
independently varying processes. 

Waller * published his analysis in 1909. 
As he was an “unbeliever” in the matter of 
the c-wave, he proposed two rather than 
three components. He chose to portray 
these, however, in a rather different man- 
ner. His a-, b-, and d-waves appeared as 
resultants of the interplay between a posi- 
tive component, which accounted for the 
b-wave, and a negative component of shorter 
latency (Fig. 2B). In his reasoning Waller 
made reference to the negative response re- 
corded from aging (excised) eyes to es- 
tablish the form of the negative component. 
A more prominent resultant b-wave could, 
of course, have been provided by Waller 
either by creating his positive component 
with an initial bump or by supposing that 
the negative component, despite its shorter 
latency, developed to its maximum more 
slowly. Piper,®’ whose analysis is shown 


Fig. 2—Components of the 
ERG according to the analyses 
of the following authors: A, 
Einthoven and Jolly; B, Wal- 
ler; C, Piper; D, Granit. 
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in Figure 2C, made the latter choice, while 
Granit,*® some years later, chose to combine 
the two. Granit’s version appears in Figure 
2D. The general similarity of Granit’s 
analysis to that of Piper may be seen. The 
merit of Granit’s solution lay in the fact 
that he could offer evidence for the selective 
effect of certain procedures (altering the 
condition of the organism) on each of his 
proposed components. Specifically, he found 
that when ether was administered the first 
change was a diminution of the slow posi- 
tive component (c-wave, P-I), leaving a 
positive remainder. This remainder then 
diminished progressively until only the 
negative response (P-III) was left. With 
prolonged anesthesia this, too, disappeared. 
When the carotid artery was occluded, P-II 
appeared to be selectively eliminated. In 
this case the response appeared as an initial 
large negative deflection (P-III1) which 
passed smoothly into the still larger positive 
c-wave (P-I). The off-effect (d-wave) 
showed up when P-III returned rapidly to 
the base line. Responses observed in this 
work were those of the cat. 

If we may disregard the negative “off” 
phase tentatively suggested by Einthoven 
and Jolly, all of these analyses are in good 
agreement with respect to the b-wave and 
the process underlying it (e. g., Granit’s 
P-II). It is a swing toward positivity which 
occurs on illumination of the retina. After 
an initial latency it begins and rises smoothly 
to a maximum. Following this it may or 
may not decline. The matter of this decline 
need not be considered an issue, for, as we 
shall see later, whether it does or does not 
diminish in this fashion depends (at least 
in the case of the human ERG) on the cir- 
cumstances of stimulation. 

Various other qualitative observations on 
the behavior of the b-wave as observed in 
work on animals under different conditions 
might be listed. The following are well 
known and may be found in the standard 
reviews, *-41,54.64 

The b-wave may appear in response to 
either short or long flashes. It may be en- 
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hanced by administration of glucose but is 
easily depressed by drugs. It is first excited, 
then depressed, by strychnine. Potassium or 
calcium will obliterate it—with an increased 
latency of response accompanying its pro- 
gressive diminution. Epinephrine has a 
similar effect. Therman® and, more re- 
cently, Noell ** have contributed largely to 
our knowledge of the effects of chemical 
agents. 

Continuing, we note that both amplitude 
and latency of response are greater in the 
dark-adapted eye. An increase in either the 
intensity or the area of the stimulus may 
decrease the latency and increase the mag- 
nitude of the response, within limits. The 
b-wave is now generally believed to originate 
in or near the rod-cone layer of the 
retina.2.59 

This brief historical résumé does not ex- 
haust the topic of “components.” But fur- 
ther discussion will be restricted to com- 
ponents of the human response and may best 
be postponed until we have run through 
the characteristics of the human ERG. We 
shall see, for instance, that the human re- 
sponse usually appears devoid of a retinal 
c-wave, It must not be supposed, however, 
that this leaves us only two simple processes, 
such as Granit’s P-II and P-III, to inte- 
grate. 

Characteristics of the Human Response.— 
Although the human ERG was detected 
very early,”® technical difficulties, including 
the discomfort involved in applying elec- 
trodes, long prevented investigators from 
discovering much beyond the fact that it was 
generally comparable to the ERG of other 
mammals. Ambitious research programs 
dwindled away in the face of the difficulties 
and uncertainties of the methods employed. 
In 1925 Hartline ** tried to simplify the 
task of applying electrodes to the human 
eye by using goggles filled with saline solu- 
tion. These were reasonably comfortable, 
but muscle artifacts spoiled many records. 
In 1941 Riggs *® described a contact-lens 
electrode which he had devised and with 
which he had obtained reproducible records 
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of excellent quality. Some such device is 
now employed in most human ERG work. 
It did not come into general use immedi- 
ately, however, and in 1944 Adrian +? made 
some very significant observations on the 
human ERG without its aid. He used a 
moist thread on the cornea of his own eye 
and succeeded in obtaining records under 
several different conditions. These were 
free of the grosser artifacts which had 
plagued his predecessors, and, though his 
recording device used a_resistance-capaci- 
tance coupled amplifier and an ink-writer, 
distorting the form of the response slightly, 
his results were unambiguous. 


Adrian used brief (449 second) flashes 
of light as stimuli. His most striking dis- 
covery was that two distinct b-wave com- 
ponents appeared when orange stimuli 
were presented to the dark-adapted eye. Red 
light elicited only the component with the 
shorter latency; blue light, only the longer. 
Adrian, accordingly, assigned various por- 
tions of the response to photopic or scotopic 
processes. The picture of the human elec- 
trical response as described by Adrian in 
1945 ? was as follows (cf. Fig. 34): 

“The photopic component is a brief diphasic 
potential change. There is an initial negativity 
of the cornea . . . followed by a brief positive wave. 
The response is produced by white light or by 
monochromatic light of all colors except blue. It 


t B-wave complications had been reported in 
animals since the time of Gotch.* 


Fig. 3.—A, human responses published by 
Adrian.2 Photopic (response to red flash), mixed 
(orange-red), and scotopic (blue) records, B, 
responses recorded by Karpe,” using short (40- 
millisecond) and long (800-millisecond) stimulus 
flashes. Signal indicates 100-millisecond intervals. 


BLUE 


DEEP RED 
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is present in the fully light-adapted eye and is not 
much increased by dark adaptation. 

“The scotopic component is a slower monophasic 
change reaching 0.3-0.4 mV. with the cornea posi- 
tive. It is produced by light of all colors except 
deep red. It is absent in the light adapted eye and 
is greatly increased by dark adaptation.” 

It was the earlier positive component that 
was “new.” The negative a-wave had been 
seen previously in human as well as in ani- 
mal records, and the positive “scotopic” 
component elicited with blue light in the 
dark-adapted eye was the familiar large b- 
wave previously noted in human ERG’s. 
Its latency of a bit under 100 milliseconds, 
its maximum amplitude of 300 pv. to 400zv., 
reached about 150 milliseconds after the be- 
ginning of stimulation, conformed with the 
scattered observations of earlier investiga- 
tors.§ 

Technically better records were presented 
by Karpe * in 1945, though his selection of 
stimuli precluded observation of Adrian’s 
dual responses. He used a contact lens 
similar to that described by Riggs,®™ || which 
he was able to apply, though not without 
attendant difficulties, to the eyes of patients 


§ The discovery of two positive components has 
led to a confusion in nomenclature. Adrian refers 
to the earlier merely as the postive phase of the 
photopic response. Granit,” in discussing Adrian’s 
results, refers to both positive components as 
b-waves, one photopic and one scotopic. Moto- 
kawa and Mita,” however, in a prior, independent 
discovery of the photopic component, dubbed it 
the “x-wave.” This designation has been taken 
up by some other experimenters, but a sampling 
of recent literature shows no clear decision re- 
garding terminology. It would seem to me that 
Granit’s instincts in the matter were sound. It 
would be preferable to refer to the two as photopic 
and scotopic b-waves, perhaps abbreviated as the 
bp-wave and bs-wave. This would permit the 
noncommittal designation, b-wave, to indicate 
either uncertainty or indifference to the distinction. 
Certainly in the past, particularly in work with 
animals, the term b-wave has been used thus to 
allude indiscriminately to photopic responses, 
scotopic responses, or admixtures of the two. Re- 
cent work *** has indicated that the a-wave has a 
similar dual nature. Here again, where possible, 
differentiation might be made between the photopic 
ap-wave and the scotopic as-wave. 

|| Karpe’s electrode, though similar in principle 
to that of Riggs, was independently conceived. 
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in a clinic. He used a direct-coupled am- 
plifier which recorded photographically on 
a moving tape. He provided an invaluable 
picture of the range of normal variation in 
the ERG under one standard set of condi- 
tions (20 lux of white light in an 8 degree 
stimulus-field, 44;-second exposure). These 
conditions are such as to elicit from most 
subjects a near-maximum b-wave with little 
or no a-wave. Amplitude of response varies 
from 230pv. to 510pv., with a mean of 
about 350nv. Latencies ranged from 30 to 
60 milliseconds, 40 milliseconds being typi- 
cal.{ Karpe’s extensive monograph is also 
valuable for its clear descriptions of various 
kinds of recording artifacts and for its de- 
pictions of the response under pathological 
conditions. A pair of Karpe’s records (Fig. 
3B) shows that prolongation of the stimulus 
to 800 milliseconds produces little or no 
change either in the amplitude or in the 
form of the response. Under other condi- 
tions, however, as we shall see later, the 
duration of the stimulus may be an im- 
portant factor in determining the form of 
the response. 


Quantitative Studies of the Human 
Response 

With the foregoing material as an intro- 
duction, I shall attempt a systematic expo- 
sition of the effects of stimulation and 
adaptation variables on the b-wave. Since 
many of the studies to be described were 
carried out in the psychology laboratories of 
Brown University, it is appropriate to in- 
sert a brief, generalized description of the 
type of apparatus characteristically used. 

The subject sits in an electrically shieided 
light-proof room. The active electrode is 
mounted in an individually fitted contact 
lens. A neutral electrode, on the fore- 

{It should be noted that Karpe did not regu- 
larly employ the condition of full dark adaptation 
in his studies. 

# A detailed description of the corneal elec- 
trode may be found in papers by Riggs.“* The 
fullest description of the apparatus used in our 
earliest studies, and used with but minor modi- 
fications in much of the later work, is in a paper 
by Johnson.” 
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head, is held in place by an elastic headband. 
The leads pass to a high-gain direct-coupled 
amplifier that actuates a loop oscillograph or 
cathode-ray oscillograph with the excursions 
photographically recorded on moving film, 
along with time-interval and stimulus in- 
dicators. For stimulation, light from a tung- 
sten filament, run at a known color 
temperature, passes through high-speed 
shutters, calibrated neutral and narrow-band 
filters, and optics to the eye. Experiments 
have been carried out with use of the so- 
called Maxwellian view, in which the light 
enters the eye as a pencil of rays focused at 
the pupil, and also with conventionally 
illuminated stimulus areas. The position of 
the subject’s head and eye are maintained 
through the use of a biting board and fixa- 
tion guides. 

In my review of quantitative work the 
factors with which I shall be most concerned 
are (1) the spectral composition of the 
stimulus, (2) the intensity of the stimulus, 
(3) the duration of the stimulus, (4) the 
locus and the area or extent of the stimulus, 
and (5) the state of adaptation of the eye. 
Response measures most frequently met are 
those of amplitude (at peak), latency, and 
implicit time—the time from the beginning 
of the stimulus to the peak of the response. 

(1) Spectral Composition of the Stimu- 
lus.—From almost the start **-** it was rec- 
ognized that the size of the response was at 
least roughly related to the spectral sensi- 
tivity of the eye. For the Jarge responses 
of the dark-adapted eye a scotopic function 
was conceived, with the possibility of a 
Purkinje shift. 

Work with dark-adapted eyes of the 
frog*® and rat** showed a close corres- 
pondence between the scotopic luminosity 
curve and “sensitivity curves” derived from 
electrical data. The method of obtaining the 
latter was introduced by Chaffee and Hamp- 
son.” It involved determining, for each of 
several stimulus colors, the amount of 
energy required to elicit a b-wave of speci- 
fied amplitude. This energy figure was then 
treated as similar to a threshold value in 
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computing the electrical sensitivity curve.* 

Granit and co-workers **:** confirmed the 
Purkinje shift in the frog eye, with a b-wave 
maximum at about 510 my in the dark- 
adapted eye and about 560 my in the light- 
adapted eye. 

Clear differentiation of photopic and 
scotopic components in the b-wave of the 
human ERG was made by Adrian.? From 
his work the implication was clear that the 
early positive component, elicited by red or 
orange light, was photopic. The second and 
larger, appearing in response to all colors 
save deep red, was scotopic. Throughout 
the rest of this paper we shall refer to 
these two components as the photopic b- 
wave (b,-wave) and the scotopic b-wave 


*Though this procedure appears straight- 
forward, the concept of electrically determined 
“sensitivity” needs to be considered for a moment. 
Psychophysical functions (visibility curves, dark- 
adaptation curves, etc.) are determined either by 
measuring variations in the subjective light- 
threshold with varying conditions or by stimulus- 
equation techniques. We look for some sort of 
“electrical response threshold” or equivalent effect 
whose variations may be examined under the 
same sets of conditions. But there is nothing in 
the electrical record that may be accepted a priori 
as the perfect analogue of the sensory threshold. 
We might specify a “detectable response,” but this 
merely allows the criterion level to be determined 
by the exigencies of recording; any change in the 
“noise level” will alter the criterion. The custom 
has been, then, to specify some amplitude of re- 
sponse (usually a “small” one, in recognition of 
the concept of the threshold as a minimum value) 
which can be reproduced in a succession of cir- 
cumstances so as to trace out the function. But 
a comparison of these functions with those ob- 
tained through psychophysical procedures rests 
on the assumption that the subjective threshold 
(regardless of the wavelength of the stimulus or 
the state of adaptation of the eye) reflects a 
constant or standard physiological response. But 
our “b-wave of standard amplitude” is by no 
means a “standard response.” Responses of equal 
amplitude may vary in latency and in duration, 
indicating differences in underlying physiological 
processes. Further, the electrical response curves, 
in the typical ERG study, are drawn with ref- 
erence to stimuli well above psychophysical 
thresholds in intensity and represent the eye at 
a different level of function. Such things must 
be borne in mind as we examine the data. 
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(b,-wave), respectively, and to both as b- 
waves. (See discussion in the footnote in 
the right-hand column of p. 566.) 

Riggs and Johnson,®* using narrow-band 
filters, determined the relative effectiveness 
of lights of different wavelengths. in elicit- 
ing the human b,-wave and compared the 
results with psychophysical data. They 
used a 58uv. response criterion in the elec- 
trical study and scotopic matching in the 
psychophysical work. Both sets of data 
showed sensitivity peaks at about 500 my, 
but the electrical response data were ele- 
vated, indicating relatively greater sensi- 
tivity, throughout the blue end of the 
spectrum. More precise determinations by 
Riggs, Berry, and Wayner® confirmed 
these findings (Fig. 44). 

Boynton '* suggested an explanation of 
the excess blue-sensitivity. He attributed it 
to stray light, reviving an earlier suggestion 
of Fry and Bartley ** that when small stimu- 
lus areas are used (e. g., 7 degrees 30 min- 
utes diameter in the studies just described ) 
much of the response is to light scattered 
over the peripheral retina, outside the focal 
area. Since Rayleigh scatter varies with 
wavelength, blue would be scattered more 
than red and would effectively stimulate 
more of the retina. Boynton reasoned that 
this differential should be reduced if the 
“focal” portion of the stimulus is larger. 
He used larger areas and found the ex- 
pected convergence toward normal scotopic 
values. Work in this laboratory has shown 
that with full-retinal stimulation sensitivity 
curves for the b-wave of the dark-adapted 
eye (b,-waves) reproduce the scotopic lu- 
minosity function exactly. One may reason- 
ably conclude that, even though the stimuli 
may be very intense—well above the pho- 
tochromatic interval—this component of the 
ERG reflects activity of the scotopic visual 
mechanism.+ 

The by-wave has also been studied. A 
history of work on this wave is a history of 

+ Similar logic may be applied to the scotopic 
component of the negative a-wave (as-wave), 
which has a similar spectral sensitivity.° 


571 


j 
<a 
3 
a 


the problem of disengaging it from other 
components. “Foveal stimulation” cannot 
eliminate scotopic responses because of the 
effects of scattered light, which I have de- 
tailed above. As Adrian pointed out, then, 
the photopic response is masked throughout 
most of the spectrum by the b,-wave. While 
this masking is most pronounced in the 
dark-adapted eye, light adaptation seems not 
to abolish, but merely to reduce, the re- 
sponses of the scotopic system. With higher 
levels of adaptation, those which may pro- 
vide us with photopic responses in a rela- 
tively “pure” state, stimulus levels must be 
high and the responses are diminished in 
amplitude, making observation and meas- 
urement of responses difficult. 
Furthermore, since Adrian first described 
the photopic component as “diphasic,”” we 
have regularly observed the positive b,-wave 
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Fig. 4.—A, log of sensitivity as indicated 
Data for five subjects plotted as points on 
Wayner.” ) B, same for the light-adapted eye 
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only in association with its negative a,- 
wave. There is not, as in the case of the 
scotopic components, a range of stimulus 
intensity below the level for the arousal of 
the negative component and in which iso- 
lated positive potentials are elicited. 

Riggs, Berry, and Wayner® looked for 
photopic responses in the early minutes of 
dark adaptation, hoping in this way to find 
larger responses than those of the light- 
adapted eye. They remark the occurrence 
of “dual responses” at the red end of the 
spectrum but conclude from the sensitivity 
curve for b-waves recorded (Fig. 4B) that 
they are almost purely scotopic under these 
conditions. 

Armington,®* working with successively 
higher levels of light adaptation, obtained 
spectral sensitivity curves for the electrical 
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by electrical responses of the dark-adapted eye. 
the scotopic curve. (From Riggs, Berry, and 
(after one minute of dark adaptation). Relative 


sensitivity essentially unchanged from that of dark-adapted eye. C, sensitivity of normal 
subjects (dotted line) and night-blind subjects (plotted points) determined by electrical- 
response measures with 7.1 foot-lamberts of light adaptation. Solid line is C.I. E. photopic 


luminosity curve. (Responses to single flashes.) (From Armington.* ) 


D, a similar curve for 


electrical sensitivity of normal subjects with use of flickering light. Solid line is again the 
photopic luminosity curve. (From Johnson and Cornsweet.”) 
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response {| which much more nearly resem- 
bled the photopic than the scotopic visibility 
curve, though elevated at the blue end of 
the spectrum (Fig. 4C). His best results 
were obtained with night-blind observers.* § 

His results for the normal light-adapted 
eye have been duplicated by Johnson and 
Cornsweet,*® who also went on to show that 
a very similar sensitivity curve could be ob- 
tained for responses to colored lights flick- 
ering at a rate of 30 per second (Fig. 4D). 
This was in line with a suggestion by Dodt * 
that the fluctuating electrical response pro- 
duced by lights flickering at a rate above 20 
per second results in the disappearance or 
coalescence of scotopic effects so as to leave 
a purely photopic remainder. 

The elevation of all of these electrically 
determined photopic sensitivity curves to- 
ward the blue end of the spectrum, while 
superficially similar to what was seen earlier 
in the case of the scotopic curves, probably 
has a very different explanation. As Arm- 
ington has pointed out,’ most recent studies 
of the spectral sensitivity of the light- 
adapted eye ™** differ from those used to 
construct the standard C. I. E. curve in 
reporting greater sensitivity to the shorter 
wavelengths when areas outside the fovea 
are stimulated. The ERG photopic sen- 
sitivity curves are in good agreement with 
the newer psychophysical data. 

The simplicity of the flicker technique has 
stimulated interest in the photopic ERG. 
Analysis of the response to flicker will un- 
doubtedly provide insights into the nature 
of ERG components. As I am primarily 
concerned with single-flash work in this 


¢Armington follows Motokawa in speaking of 
the “x-wave.” To determine amplitude he meas- 
ures from the trough of the a- to the top of the 
b-wave. 

§ Schubert and Bornschein™ and Riggs™ have 
also demonstrated that this component is to be 
found in the responses of the night-blind, with 
reduction of scotopic responses. Schubert and 
Bornschein®™ and Armington® have described its 
impairment in protanopes. Vukovich™ remarked 
the absence of any “x-wave” and also the diminu- 
tion of the a-wave in a totally color-blind subject. 
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review, however, I shall not attempt to de- 
tail the work already done in this area. 

But I should not conclude the discussion 
of the spectral sensitivity of the photopic 
ERG without raising the question of the 
possible multiple nature of the latter. In a 
series of papers Armington and his associ- 
ates *1%15 have explored the effects of 
chromatic adaptation on the ERG. They 
conclude not only that rod mechanisms con- 
tinue to function under photopic conditions 
but that specific color-sensitive mechanisms 
(one with a response peak to light of about 
620 mp being best invested with evidence) 
make contributions to the total recorded 
ERG. Possibly there are separate by-waves 
for each of several photopic color-response 
systems, each with slightly different response 
characteristics. The precise interpretation to 
be given these results is obscure at the pres- 
ent time, There is need for new conditions 
to be explored and for new techniques to 
be brought to bear on the photopic response. 

(2) Intensity of the Stimulus—In con- 
sidering the effect of intensity on the ERG 
I turn away from attempts to deal only 
with constant or standard responses to look 
for a while at responses differing as the 
stimulus varies. I have noted that the hu- 
man electroretinogram comprises at least 
four discriminable components, the ap-, as-, 
bp-, and b,-waves. Under those conditions 
favoring its appearance each of these may 
be seen to grow as strength of stimulus in- 
creases. Form and latency of response may 
likewise be affected. The large b,-wave has 
proved most amenable to observation. The 
measure oftenest applied has been simple 
height of response. Dewar and McKen- 
drick ** noted a rough agreement between 
the amplitude of the response (b-wave) 
and the logarithm of the stimulus intensity. 
Modern work agrees in showing a consider- 
able range of intensities over which suc- 
cessive equal increments in log I (logarithm 
of intensity) produce uniform increments 
in response amplitude. As in other ap- 
proximations to Weber’s law, the generaliza- 
tion fails at the extremes. De Haas *8 
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observed responses of the frog eye with a 
d’Arsonval galvanometer, and in 1903 he 
published a curve relating response ampli- 
tude to stimulus intensity ( Fig. 54). Jolly ™ 
used stronger stimuli, and a plot of his data 
would show a levelling-off at the top. The 
entire function may be seen in Figure 58, 
which I have taken from a paper by Hart- 
line.* In 1937 Riggs ® published data for 
the eye of the intact (curarized) frog not 
only for the condition of complete dark 
adaptation but also for various incomplete 


Fig. 5.—Amplitude of the b-wave as a function 
of stimulus intensity. 4, frog, data of De Haas, 
after figure in Kohlrausch. B, frog eye, in situ, 
after Hartline.“ C, frog eye, in situ, after Riggs.“ 
Top curve is for complete dark adaptation (40,000 

s); lower curves, for earlier stages in dark 


adaptati ion. 
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Fig. 6.—Tracings of oscillograph records of ret- 
inal responses of the dark-adapted human eye 
stimulated by 40-millisecond flashes of white light. 
The highest luminance used (log rel. lum. 1.0) 
is equivalent to about 1.510 foot-lamberts. At 
the higher levels both a- and b-waves appear. 
(From Riggs and Johnson.”) 


stages of adaptation. Some of his results 
are shown in Figure 5C. 

Similar studies have been made of the 
responses of the human eye. But before one 
looks at the comparable graphs a few sam- 
ple response tracings should be examined. 
One will see, then, some of the measure- 
ment problems that must be faced. Figure 
6 represents a typical “intensity series” ob- 
tained by presenting 40-millisecond flashes 
of white light to the dark-adapted human 
eye. The positive component decreases in 
latency and increases in amplitude with in- 
creasing intensity. At the lower intensity 
levels, however, latency measurements are 
uncertain, because the response shows only 
a gradual departure from the base line, not 
an abrupt onset. For the higher intensities 
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(Replotted from data in Johnson.“ ) 


it is the amplitude determinations that pre- 
sent the difficulty. The presence of the a- 
wave forces the investigator to choose an 
arbitrary base line. In most cases the b-wave 
has been measured as starting from the 
trough of the a-wave. This implied assump- 
tion that the negative process remains at a 
constant level during the time separating 
the peak of the a-wave from that of the 
b-wave affects determinations in the upper 
intensity range in the dark-adapted eye, 
where the b,-wave is the chief positive com- 
ponent. With the light-adapted eye a-waves 
occur in every record. 

Figure 7 shows the graphed results of 
three different studies of b-wave amplitude. 
In each of these a 40-millisecond flash was 
presented in a 7% degree field. The left- 
hand curve in each graph shows the ampli- 
tude-intensity function for white light with 
the eye dark-adapted. The other curves in- 
dicate how the function is altered by changes 
in the wavelength of the stimulus, the light- 
adaptation level, and the time in darkness 
during dark-adaptation. 

Which of the curves in Figure 7 repre- 
sent relatively pure measures of the 
b.-wave? Reflection indicates that the re- 
sponses to white, green, and yellow stimuli, 
in Figure 7A, are relatively uncontaminated 
—up to their inflection-points; but the 
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Fig. 7.—B-wave amplitude as a function of the stimulus intensity. A, lights of different 
wavelengths yield similar curves displaced on the intensity axis in accordance with their rela- 
tive (scotopic) luminosity values except for the “orange” curve, where the difference in slope 
suggests intrusion of photopic responses in the records. All records are from the dark- 
adapted eye. (From Riggs, Berry, and Wayner. 
light presented to the thoroughly dark-adapted eye and also to an eye maintained at each of 
four levels of constant light adaptation. (From Riggs and Johnson.”) C, stimulus light white. 
Eye dark-adapted for various lengths of time following a standard period of light adaptation. 
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* ) B, similar curves for stimulation with white 


“orange” curve was drawn from dual re- 
sponses which were partly by-wave. In Fig- 
ure 7B, values to the left of the dotted line 
were taken from responses which were 
practically pure b,-waves, but a~-waves were 
present in the responses represented to the 
right of the line. The 8-, 20-, and 90-minute 
curves of Figure 7C are for the b,-wave, 
but the 1- and 3-minute curves could be 
queried. 

The upshot is that the b,-amplitude of the 
dark-adapted eye appears rather simply re- 
lated to log I, the relationship being ap- 
proximately a straight line over a 1% to 2 
log unit range of intensities starting at 
about the level where the response is first 
clearly discernible above the base-line noise. 
We conceive the function as leveling off at 
both extremes but cannot rely very strongly 
on the quantitative measures outside the 
middle range. The slope of the curve in 
this middle region, and the maximum b- 
amplitude attained, will vary with the sub- 
ject and with the degree of dark adaptation. 
Color of the stimulus has no effect if it is 
really the b,-wave that is being measured. 
As we shall see later, the duration of the 
stimulus may affect the position of the curve 
on the intensity axis, but this does not de- 
tract from the generality of the results which 
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I have given here for work with a 40-milli- 
second stimulus. 

Knowledge of the intensity-amplitude re- 
lationships of other components of the ERG 
is more limited. The a-wave of the dark- 
adapted eye behaves rather differently from 
the b-wave. It first appears at an intensity 
higher by about 2 log units, but from this 
point on there is rapid development. I have 
followed the growth of the a-wave over an 
intensity range of more than 2 log units 
with no sign of any approach to a response 
maximum. Indeed, using the slope of the 
a-wave as my measure,|| [ find that it is the 
logarithm of the response magnitude rather 
than the measure itself that falls more nearly 
along a straight line when plotted against 
log I. Amplitude-intensity functions pub- 
lished by Schubert and Bornschein ™ and 
by Burian * are in accord. I have attempted 
here no separation of a,- and ay-waves, both 
of which may be presumed to be involved. 
I might note that a hemeralopic subject of 
Schubert and Bornschein displayed a nega- 
tive response greater than that of a normal 
subject, and the magnitude was linearly re- 
lated to log I. 


In work on the photopic components the 
positive and negative phases of the ERG 
have usually been treated together. The 
work of Armington and his associates pro- 
vides the fullest picture of events. In these 
studies the “x-wave” amplitude is measured 
from the trough of the a,-wave to the peak 
of the by-wave. With only moderate light 
adaptation, to a level of 1 foot-lambert, the 
responses clearly show the presence of the 
b,-component except in response to red 
light.° With the eye adapted to levels of 
from 7 to 87 foot-lamberts, however,® the 
character of the responses is uniform for all 
parts of the spectrum. Increase in response 
amplitude appears proportional to the in- 
crease in log I. A few typical responses, 


|| Because the latency of the b.s-wave decreases 
at high intensities, it must be supposed to cut into 
the course of the a-wave earlier, effectively “clip- 
ping” its peak and reducing the appropriateness 
of the a-wave amplitude as a measure of the 
negative potential. 


576 


A. M. A. ARCHIVES OF OPHTHALMOLOGY 


and plots of the amplitude-intensity func- 
tion at three levels of light adaptation, are 
shown in Figure 8 (A and B). A rather 
large increment in stimulus intensity pro- 
duces but a small increment in response, In 
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Fig. 8—A, responses to a red stimulus (peak 
at 636pv.) presented to an eye adapted to three 
different levels of white light. (From Armington.* ) 
B, plots of the amplitude of the ERG, in micro- 
volts, as a function of stimulus intensity. Same 
color of stimulus and same three adaptation-levels 
as above. (From Armington.*) C, height of re- 
sponse as a function of stimulus intensity with 
stimulus areas subtending 2 degrees 8 minutes, 6 de- 
grees 22 minutes, 15 degrees 50 minutes, and 26 de- 
grees 4 minutes, respectively, beginning with the 
lower curve and going up. Red test flashes presented 
to eye light-adapted to about 2 foot-lamberts. 
(From Crampton and Armington.”) D, effect of 
stimulus diameter on the shape of intensity curves. 
Left-hand curve is for 60 degree stimulus area; 
other curves for 30 degrees and 6 degrees, respec- 
tively. Flickering red light; 10-millisecond flashes 
at 20 per second. (From Armington.’ ) 
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later papers by Armington and Thiede 
and by Crampton and Armington”® the 
curves are shown with an upward turn, or 
acceleration, at the high-intensity end (Fig. 
8C). In this work the test flashes subtended 
30 degrees at the subject's eye. In another 
study,” in which photopic responses were 
elicited by a flickering stimulus rather than 
by single flashes, Armington finds a strik- 
ing difference between the amplitude-inten- 
sity function for a large-area stimulus (60 
degrees) and those for areas of 30 degrees 
or smaller (Fig. 8D). The intensity func- 
tion for single fiashes may also be affected 
by the area of the stimulus. 

Turning next to temporal characteristics 
of the response, one notes that raising the 
intensity commonly speeds up the ERG. 
Gotch ** demonstrated this for the frog eye 
in 1903. Figure 9 shows changes in latency 
of the b-wave of the dark-adapted eye in 
the cat and in man. The implicit time of 
the b,-wave is affected similarly (cf. Mon- 
nier ** ), but the amount of the effect depends 
also on the duration of the stimulus. This 
follows from the protraction of the peak in 
the response to longer flashes at low inten- 
sities (see below). Latency is independent 
of flash duration. 

Changes in the latencies of the photopic 
components are small and do not lend them- 
selves to accurate measurement. 

(3) Duration of the Stimulus—Most 
published records of the human electro- 
retinogram show it as primarily an “on- 
response” which, apart certain 
pupillary artifacts, completely runs_ its 
course within the first 250 milliseconds fol- 
lowing the onset of the stimulus. This 
seems to be true regardless of whether the 
duration of the latter is 5 or 500 millisec- 
onds. 


In discussing the effect of stimulus dura- 
tion on the b-wave of the dark-adapted cat, 
Creed and Granit** make the following 
statement: “The duration of the stimulus is 
in our experience devoid of influence on the 
latent period. . . . The amount of potential 
developed is, however, generally diminished 
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Fig. 9.—Change in the latency of the b-wave as 
a function of the intensity of the stimulus. 4, from 
data obtained by Creed and Granit,” recording 
from the dark-adapted cat. B, data for man from 
Johnson and Bartlett.“ Solid line, filled circles: 
dark-adapted eye. Solid line, open circles: eye 
adapted to a level of 2 foot-lamberts. Dotted 
lines show approximate functions for the implicit 
time (time to peak of response) at the same two 
levels. 


by making the flashes shorter [though] . . . 
with the more intense stimuli this is not 
always so.” 

Miller-Limmroth 5* showed this to be 
generally true also for the human ERG. He 
used flashes varying from 5 to 1000 milli- 
seconds and noted, with the stimulus in- 
tensity employed, a sharp falling off of the 
response when the duration of the flash was 
less than 20 milliseconds. Responses to all 
longer stimuli appeared practically identical. 
Most single-flash work on the human ERG 
has employed flashes of from 20 to 80 milli- 
seconds. These were presumed to be above 
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Fig. 10—Amplitude of the b.-wave of the dark- 
adapted eye as a function of the intensity and 
duration of the stimulus. Amplitude is plotted 
on the ordinate, and stimulus duration, logarith- 
mically, on the abscissa. Data are plotted for four 
intensities ere relative log values of 3.0 (top 
curve), 2.0, 1.0, and 0.5. Unit intensity value 
(log I=0.0) is about 2 foot-lamberts. (From 
Johnson and Bartlett.“) 


any critical duration (long enough to pro- 
vide full-strength responses) and _ short 
enough to minimize the effects on the adap- 
tation level of the eye. 


In a systematic study of stimulus dura- 
tion, Johnson and Bartlett ** have shown 
that, in the dark-adapted eye, the critical 
duration is actually in the neighborhood of 
100 milliseconds. The effect of changes in 
duration on the amplitude of the b,-wave is 
shown in Figure 10. Examination of this 
figure shows a break in the curves at 100 
milliseconds (the critical duration). Longer 
flashes may increase the duration of the 
response but not its amplitude. There is a 
maximum amplitude (about 430,v. in this 
instance) above which the response may 
not be driven. Once this has been reached, 
increases in the length of the stimulus 
flash—even though the “critical duration” 
of 100 milliseconds has not been reached— 
fail to elicit larger responses. Furthermore, 
they no longer appear able to affect the 
duration of the response. It seems rather as 
though this degree of stimulation “ex- 
hausts” some “reservoir” responsible for 
the b,-wave. 

Below the critical duration—and for re- 
sponses below the maximum response am- 
plitude—intensity and duration are pretty 
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much interchangeable. The formula /t=k 
holds very closely. Records taken with the 
eye at a moderate level of light adaptation 
(0.2 foot-lambert) have yielded comparable 
results, with the important differences that 
the maximum response amplitude is reduced 
and the critical duration falls from 100 to 
around 30 milliseconds. 

Previous work at this level of adaptation 
has shown that the responses have a scotopic 
spectral sensitivity curve; consequently, 
these changes probably indicate an altered 
scotopic response and not the involvement 
of a photopic system. In a recent study by 
Tansley,* however, it is reported that a 
very similar shift in critical duration, be- 
tween the light-adapted and the dark-adapted 
state, occurs in the “pure cone” eye of the 
gray squirrel where it is associated, in both 
states, with photopic spectral sensitivity. 

Alpern and Faris * and Wirth,” in stud- 
ies of the effect of stimulus duration on 
responses of the dark-adapted eye, have in- 
cluded results for higher stimulus intensities 
than any employed by Johnson and Bartlett. 
Negative potentials are prominent in their 
records. Their data show that the amplitude 
of the undifferentiated a-wave increases with 
prolongation of the stimulus—at least up to 
stimulus durations of around 25 to 30 milli- 
seconds, 


I have already noted that the latency of 
the b-wave of the dark-adapted eye is not 
affected by duration. Implicit time, how- 
ever, may be altered in that the prolonged 
responses evoked by low-intensity stimuli 
of longer duration (within the critical dura- 
tion) appear to reach their maximum levels 
a little later than do responses to the briefer 
flashes. For this reason, the plotted func- 
tions in Figure 9B are referred to as “ap- 
proximate,” based as they are on an average 
measure for several different flash dura- 
tions. 

In a recent study, Bornschein, Goodman, 
and Gunkel' used a Grass photic stimu- 
lator with a 10-microsecond flash and found 
that with this brief stimulus implicit time 
approached a maximum value of about 125 
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milliseconds as the flashes diminished in 
intensity. 

Data on a critical duration for the a,-wave 
and for photopic components are not avail- 
able. Any “critical time” for photopic re- 
sponses would by practical necessity be 
much shorter than that for the dark-adapted 
scotopic response ; thus, the employment of 
very brief stimulus flashes is one of the most 
successful devices for minimizing the b,- 
wave in the ERG so as to view photopic 
components more effectively. The existence 
of off-effects points to a prolongation of 
response components throughout the course 
of stimulation in the light-adapted eye. 

(4) Locus and Area of Stimulation.— 
In work on the human ERG neither locus 
nor area of stimulation can be controlled 
or adequately specified except through con- 
trol of the angular extent and direction of 
the source external to the eye. To the ex- 
tent that the eye distorts or diffuses, the 
area and locus of stimulation on the retina 
will be modified. If we should assume these 
processes to be negligible, and assume the 
ERG to arise within the light-stimulated 
portions of the retina, we might hope to 
study the differential sensitivity of various 
parts of the retina as the stimulus focused 
upon them. We would expect to find pho- 
topic components best aroused by central 
stimulation, scotopic responses at their best 
in rod-rich areas, etc. Increasing the area, 
within homogeneous parts of the retina, 
should add to the amplitude of the response 
without changing the time relations (la- 
tency, form). If, on the other hand, the 
eye scattered and diffused maximally all 
light that entered the pupil, neither changes 
in area nor changes in locus could effect 
changes in the ERG except as they altered 
the general level of illumination on the 
retina. 

As one knows that the human eye pro- 
vides a high degree of differentiation and 
resolution of seen objects, the extent to 
which the second of these two suppositions 
appears to govern production of electrical 
responses comes as a surprise. 
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Some of the contradictions which appear 
in the literature on the effects of area and 
locus of stimulation must arise from dif- 
ferences in conditions which appear to be 
more critical in this phase of ERG in- 
vestigation than in others. Changes in angle 
of view affect the amount of light entering 
the pupil and must be taken into account. 
Differences in electrode placement may 
favor reception of potentials generated in 
different portions of the retina.*® Light of 
shorter wavelengths tends to be diffused to 
a greater degree than light from the long- 
wave end of the spectrum and is thus less 
likely to reveal specific effects correlated 
with the precise locus of the retinal image. 

Adrian,” looking for ways to differentiate 
between photopic and scotopic components 
of the ERG, compared records obtained by 
using central as against peripheral (an- 
nular) stimulus areas and reported that the 
photopic (fast, diphasic) component was 
relatively favored by central presentation. 
This has been confirmed by the work of 
Crampton and Armington.2* The differ- 
ences found, however, are but slight and 
tend to disappear as stimulus intensity is 
raised (Fig. 114). And, whereas studies 
of the amplitude of the scotopic b,-wave 
have sometimes reported an advantage in 
sensitivity for the periphery or for the 
central region,®® Crampton and Armington, 
using a 19 degree blue stimulus centered at 
various points out to 40 degrees from the 
fovea, emphasize the near equivalence of 
the responses when electrode placement and 
the amount of light entering the pupil at 
different angles of view are adequately con- 
trolled or corrected for. 

A most compelling argument for the po- 
tency of stray or scattered light has been 
the evidence offered by Boynton and 
Riggs ** and by Asher ' showing that light 
directed onto the blind spot is as effective 
in eliciting the b,-wave as though it were 
falling on those neighboring regions of the 
retina where visual sensitivity is acknowl- 


edged. 
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Boynton '* and, more recently, Crampton 
and Armington ** have advanced an inter- 
pretation which emphasizes that the retinal 
response to stimuli of circumscribed area is 
comprised of two components, one from the 
intensely stimulated focal area and the other 
from the suffused nonfocal regions. The 
importance of the nonfocal component was 
emphasized by Boynton and Riggs when, 
using areas with visual diameter varying 
from 1.25 to 12 degrees, they reported that 
(b,-wave) responses of a given magnitude 
had the same latency and were indistinguish- 
able from one another in shape regard- 
less of the intensity-area combinations used 
to produce them. With larger areas, how- 
ever, changes in form appeared.'* The in- 
fluence of the focal component may also be 
traced in a tendency for the intensity curves 
obtained by Crampton and Armington with 
small stimulus areas to start leveling off at 
a lower response amplitude than when 
larger areas are involved. The latter curves, 
and the derived curves showing intensity of 
stimulation necessary to elicit b,-waves of 
specific magnitudes with various stimulus 
patch areas, are presented in Figure 11B 
and C. The straight-line plots in Figure 
11C bear out Boynton and Riggs’ earlier 
statement that the relationship between area 
and intensity, for this function, is expressi- 
ble by the formula J/A*=C. The value of 
k is near to unity, a value that would in- 
dicate interchangeability of area and in- 
tensity. 

The difficulty of controlling or defining 
the retinal locus of the stimulus makes such 
area or locus studies of the human ERG 
rather poor tools for investigation of the 
function of specific retinal areas. 

(5) State of Adaptation—Under this 
head I shall treat the changes in response 
which occur during the course of dark 
adaptation and the characteristics of re- 
sponses recorded at various levels of light 
adaptation. 

Since the time of Kihne and Steiner * 
it has been known that the responses of the 
light-adapted eye are smaller. Einthoven 
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Fig. 11 (from Crampton and Armington*™).— 
A, intensity of stimulation necessary to elicit 
(photopic) responses of fixed magnitudes (50pv. 
responses, upper curve; 25yv. responses, lower 
curve) at selected retinal positions extending to 
40 degrees on either side of the fovea. Red test 
flashes were used. Sensitivity is greater near the 
fovea when the response criterion is small. Stimu- 
lus patches were 19 degrees in diameter. B, height 
of the bs-wave as a function of stimulus intensity 
for various areas. Blue test-flashes presented to 
the dark-adapted eye. Diameter of the stimulus 
patches for each curve (from top down): 30 de- 
grees, 15 degrees 50 minutes, 6 degrees 22 minutes, 
2 degrees 8 minutes, 1 degree 4 minutes. (Note: 
A similar set of curves for the photopic response 
appears in Figure 8C.) C, these curves are de- 
rived from those of Figure 11B, above. They 
represent the intensity of stimulation required to 
elicit bs-waves of specific magnitudes. (Top curve 
is for 300uv.; others, for 200yuv., 100uv., and 
25uv., respectively.) Log area 2.82 corresponds 
to the 30 degree stimulus patch. 
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and Jolly * noted that early in dark adapta- 
tion the frog’s a-wave might be elicited with 
very little of the positive b-response, while 
later in dark adaptation a relatively weak 
light produced a large b-wave but no a- 
wave. 

Adrian * reported a similar effect in the 
human eye. His diphasic “photopic re- 
sponse” was relatively less prominent, and 
the slower b-wave was more prominent, in 
the dark-adapted eye. There have been sev- 
eral studies of the growth of the human 
b-wave while the eye dark-adapts. In the 
first of these, Karpe and Tansley ** observed 
how the response to a flash of constant in- 
tensity gradually increases in amplitude. 
They were impressed by the similarity of 
its growth to concurrent changes in the 
subjectively determined light threshold. 

Johnson,** Johnson and and 
Best employed the the 
“standard response.” A response criterion 


Riggs,*” 
technique of 


was set: a b-wave of small, but standard, 
amplitude. Whereas a strong flash was re- 
quired early in the dark-adaptation session, 
toward the end a much weaker one sufficed 
to evoke the response. Johnson and Riggs 
noted the compound nature of the b-wave 
and attempted to study the b,-wave in com- 
parative isolation. For this purpose they 
used a low level of preadaptation light 
(1.73 foot-lamberts), and flashes were low 
enough in intensity so that neither a-waves 
nor bpy-waves were characteristically elicited. 


Neither their electrical response nor psycho- 
physical dark-adaptation curves, obtained 


under similar conditions fer purposes of 
comparison, showed any rod-cone “break” 
(Fig. 12B). It was noted that the precise 
shape of the electrical response curve de- 
pended on the response amplitude taken as 
a criterion. Despite obvious dissimilarities 
between the electrical and the psychophysi- 
cally determined curves, the authors con- 
cluded that adaptation of the scotopic system 
underlay both. 
conclusions. 


{ See discussion of the rationale of the “standard 
response” technique in footnote on p. 571. 


Best’s study led to similar 
But in his work" and in 


Johnson 


that of several other investigators *'*:'® 


higher levels of preadaptation and, to excite 
in the early stages, stronger 
stimulus flashes were used. Under these 
circumstances, photopic components are 
elicited. With a judicious arrangement of 
stimulus factors, electrical dark-adaptation 
curves may be obtained in which a “break”’ 
occurs, analogous to the well-known rod- 
cone break (Fig. 12C). Such curves are 
based on measurements of a duplex b-wave 


responses 


in which the b,-wave component is more 
prominent in the early minutes of dark 
adaptation, the b,-component becoming more 
prominent later. The difficulty of separating 
b, from b, under these circumstances and 
the consequent arbitrariness of measure- 
ment have been demonstrated and discussed 
by Auerbach and Burian.’* But the rela- 
tionship of the early developing b,-wave 
and the later appearing by-wave to photopic 
and scotopic dark-adaptation processes, re- 
spectively, seems firmly substantiated. 
Examination of the a-wave during the 
course of dark adaptation has shown a 
similar into earlier- and _later- 
developing components (a, and a,), with 
the growth of 


division 


the a,-component closely 
paralleling that of the b,.-wave, though re- 
quiring higher stimulus intensities for its 
elicitation *'*15-16 (Fig. 12D). As with the 
b-wave, proper selection of conditions and 
response criteria may show a “rod-cone 
break” in the dark-adaptation curve." 

As may be seen by examining data for 
early phases of dark adaptation in the stu- 
dies just cited, a,- and by-waves also show 
a limited growth in the dark. 

During dark adaptation latency and im- 
plicit time of the b-wave are reported to 
lengthen.'*** This presumably represents a 
real slowing and not merely a shift of ob- 
servation from b,- to b,-wave. The relation- 
ships of such changes to stimulus duration, 
area, etc., have not been worked out. 

For changes in the response when the 
eyes are accustomed to various steady levels 
of adapting field luminance we may refer 
primarily to two papers: that of Riggs and 
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Fig. 12.—Dark adaptation as reflected in the ERG. 
on stimulation by white light during dark adaptation. 
(log density 0.0) was about 
) B (also from Johnson and Riggs ™), 


neutral filters used. Full luminance 
(From Johnson and Riggs.” 


LOG. REL. INTENSITY 


5 is 
MINUTES IN THE DARK 


b-WAVE AMPLITUDE 


minutes” IN THE DARK 


A, magnitude of response (bs-wave) 
Numbers on curves show log density of 

1,500,000 foot-lamberts. 
dotted curves are derived 


from those of Figure 124 and show relative luminance required to produce responses of 50pv., 


100gv., or 200zv. 
adaptation curve, 7, 
actually obtained with much weaker stimuli, 
plotting. Cc, curves from Best and Bohnen ™ 


responses are not differentiated as by- or bs-w 
growth of a-wave. 


evidence of development. Bottom curve 


after various periods of darkness. 
was obtained under similar conditions of preadaptation. 


A _ psychophysically determined dark- 
This curve, 


has been shifted along the intensity scale in 
similar to those in Figure 12B but with a “rod- 
cone break.” The preadapting light level was higher in this study, 
waves. D, plot similar to Figure 124 but showing 
Color of stimulus is indicated for each curve. 
(unlabeled ) 
as-component in the “blue” growth independently of the a»-component. 


however, and recorded 


“Red” curve shows no 
is an attempt at measurement of 


Dotted line shows 


b-wave growth for comparison. (From work of Armington, Johnson, and Riggs.”) 


Johnson ® for low luminance (about 1.6 
foot-lamberts and below) and that of Arm- 
ington® for levels from 7.1 to 87 foot- 
lamberts. In the completely dark-adapted 
eye scotopic responses predomina‘e, though 
photopic responses occur also and achieve 
considerable prominence at the higher stimu- 
lus intensities. At the upper end of the 
range it is the scotopic portions of the re- 
sponse which are nearly, if not completely, 
eliminated. The changes, both in the form 
of the response and in its amplitude, are 
clearly observable in Figure 13 and will not 
be detailed here. It is obvious that scotopic 
components may be greatly diminished by 
the presence of even a weak adapting field 
and that all components are progressively 
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reduced by successively higher levels of 
adaptation. But, as light adaptation also 
alters the critical duration, at least that of 
the b,-response,** it is clear that effective- 
ness of an adapting light in reducing this 
component must depend in part on the dura- 
tion of the test flash employed to evoke it. 
The 40-millisecond flash used to obtain the 
records in Figure 13 is well below the 100- 
millisecond critical duration established for 
the dark-adapted eye but is probably above 
the critical duration for all components 
at the more highly light-adapted levels. The 
picture would be altered considerably by the 
use of longer or shorter stimulus flashes. 
Once light adaptation has been raised to a 
level at which only photopic responses are 
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Fig. 13.—Human retinal responses at each of five levels of adaptation. Each record shows 


the response to a 40-millisecond flash of white light. 


Log relative intensity of flash is indicated 


at the left, with the highest level (1.0) corresponding to a luminance of approximately 1,500,000 


foot-l: umberts. 


observable, it is reported® that responses 
merely grow smaller at higher levels of 
adaptation, with no remarked change in gen- 
eral contour. 


Analysis of the B,-Wave 


The b,-wave is by now so familiar to all 
who work with the human electroretino- 
gram that it is generally considered incapa- 
ble of providing any surprises. Most 
thought is currently given to methods of 
circumventing its appearance (as by using 
flicker) in order to examine other compo- 
nents. Before setting it completely aside it 
might be well to summarize impressions of 
its simple nature. 

Work with colored stimuli has persuaded 
us that the process underlying the b,-wave 
is scotopic. Its “sensitivity curve” is es- 
sentially the rod luminosity (visibility) 
curve. Differences in the wavelength of the 
stimulus are considered ineffective except as 
they also represent differences in scotopic 
luminosity. Such differences may be fully 
compensated for by changes in intensity. 


Johnson 


(From work of Riggs and Johnson.™) 


The growth of the reponse during dark 
adaptation provides additional confirmation 
of its scotopic character. 

“Locus of stimulation,” which might be 
expected to provide further evidence, par- 
ticularly through an analysis of differences 
in the size of the response to 
compared with “peripheral” stimulation, 
proves not to be a very effective factor when 
one is working with the b,-wave, because 
the response to any light, however circum- 
scribed the source and regardless of where 
on the retina its focal image may lie, is 
largely a response of the whole retina to 
light scattered over it. This fact imposes 
severe restrictions on the interpretation of 
much of the work that has been done on the 
scotopic b-wave. Since it is well recognized 
that temporal aspects of the response (e. g., 
latency, implicit time) are affected by in- 


“central” as 


tensity, it is clear that an inhomogeneous 
stimulus, one that effectively consists of an 


intense “focal” area surrounded by a large 
dimly illuminated yet responsive “nonfocal” 
area, should be expected to produce a re- 
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sponse that is also inhomogeneous—a 
“slurred” or even a discernibly duplex re- 
sponse. A very small focal area has at least 
the virtue of being too tiny to contribute 
much, so that one records primarily the re- 
sponse of the peripheral areas. Somewhat 
larger stimuli are likely to provide interest- 
ing b-wave “complications,” to the ex- 
citement, confusion, or disgust of the 
experimenter. The ideal stimulus for elicit- 
ing the response in its simplest form should 
afford homogeneous illumination of the en- 
tire retina (Boynton 

Turning attention to the effects of 
stimulus intensity and duration on the size 
and form of the b,-wave, I shall heed the 
dictates of the paragraph above by employ- 
ing, as illustrations, records taken in this 
laboratory under the following conditions. 

1. Full-retinal stimulation was achieved 
by directing the subject’s eye into an inte- 
grating sphere which was illuminated by 
the flashes. 

2. All stimuli were presented through a 
minus-red filter (Wratten 44A) to minimize 
photopic involvement. (I should have used 
blue or violet light had I been able to obtain 
sufficient luminance. ) 


3. One full hour of dark adaptation im- 
mediately preceded each recording session. 

4. Stimuli were presented no oftener than 
one per minute. 

In each recording session I tried to record 
responses to a series of intensities ranging 
upward, in 0.3 or 0.4 log unit steps, from 
one that gave a minimal response to one 
having a maximum luminance of about % 
foot-lamberts and for each of six different 
stimulus duration values: 10, 20, 40, 80, 
160, and 320 milliseconds. All records are 
from the same eye, and all records pre- 
sented in juxtaposition were recorded on a 
single day and in continuous session. Three 
such sessions were run. In the third the 
eye was atropinized to reduce the rather 
irregular pupil artifact that interfered with 
the later portions of the responses. For this 
one session, then, I had a controlled pupil— 
provision for which should certainly be 
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made in any more extensive study of the 
quantitative aspects of the response. On 
the third day I also extended the intensity 
series upward to about 2.5 foot-lamberts. 
In discussing these records I shall draw on 
the results, summarized earlier, for “small- 
area” stimuli. 

I may begin the discussion of intensity 
and duration as stimulus factors by repeat- 
ing and illustrating the fact that, while there 
is a critical duration below which the am- 
plitude of the b,-wave is affected by a 
change in either, any attempt to compensate 
for a change in one by altering the other 
fails of complete success in that, while the 
response may be restored to its original am- 
plitude, the new time relationships will be 
different; it will be a faster response, or a 
slower one, according as the restitution was 
brought about by raising the intensity or 
increasing the duration of the stimulus. 
This is illustrated in Figure 144, where re- 
sponses of approximately equal amplitude 
(about 175yuv.) elicited by 10-millisecond 
and 80-millisecond flashes are presented. A 
difference of about 15 milliseconds in la- 
tency and 30 milliseconds in implicit time 
appears. The point is even more strikingly 
made in Figures 14B and C, where the re- 
sults of altering stimulus intensity or dura- 
tion may be compared. (Note that the 
response to the 20-millisecond 0.05 foot- 
lambert stimulus appears in both series.) 


/1O MSEC, 0.25 ft-L. FLASH 
80 MSEC. 0.05 ft-L FLASH 


025 0125 


05 
-O.025 ft-L. FLASH 


din 
300 400 MSEC 


Fig. 14.—A, responses to 10- and 80-millisecond 
flashes with stimulus intensity selected to give the 
same amplitude of response (about 175yv.). 
responses to flashes of varying intensity but of 
constant duration. C, responses to flashes of dif- 
ferent durations but of constant intensity. 
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To start the elucidation I shall begin by 
making two simple assumptions which may 
be modified later as required. 

1. Consider that one may identify a basic 
“unit” of b,-response elicited by a brief 
flash of light of low intensity. To be con- 
crete, take a 10-millisecond stimulus yield- 
ing, at “unit” intensity, an easily measurable 
(a comfortably perceptible) response with 
an amplitude of perhaps 30uv. Such re- 
sponses may be observed. One is drawn, as 
true-to-life as possible, in Figure 154. It 
is shown with a latency of 90 milliseconds, 
with a peak at 140 milliseconds. It returns 
to the base line 210 milliseconds after the 
beginning of the stimulus.+ 

2. Assume that the eye's ability to re- 
spond remains unaffected by the presenta- 
tion of this stimulus and by 
production of this “unit” response, so that 
successive 10-millisecond segments of the 
stimulus elicit identical units of response 
which successively summate. 


“unit” 


# The “unit response” to a 10-millisecond stimu- 


lus of unit intensity is presumed, throughout this 
paper, to have the following form: 


Amplitude of Msec. After 
Response, pv. 


Msec. After 
Beginning of 
Stimulus 


Amplitude of 
Beginning of Response, piv. 
Stimulus 
18 
13 
8 
4 
0 


300 

MSEC FROM BEGINNING OF STIMULUS 
Fig. 15.—A, illustrative “unit response” to a 
10-millisecond stimulus of low intensity. B, re- 
sponse curves generated by assuming that each 
additional 10 milliseconds of stimulation § con- 
tribute an additional “unit response,” with iden- 
tical amplitude and time characteristics. The 10-, 
20-, 40-, and 80-millisecond response curves are 
emphasized for comparison with responses in 
Figure 14C. With the “unit” we have assumed, 

the maximum response amplitude is about 200zv. 


Johnson 


AMPLITUDE 
8 


200 300 
STIMULUS DURATION (MSEC) 


Fig. 16—Amplitude of the bs-wave as a func- 
tion of stimulus duration. Points are replotted 
from experimental data shown in Figure 10 (bot- 
tom curve). The solid line drawn here was con- 
structed by taking b-maximum values from each 
of the individual curves of Figure 15B, (the sum- 
mation of “unit responses”). The slight dis- 
placement of the points above the line may be 
considered as reflecting a small difference in the 
luminances of the actual and the hypothetical 
stimuli. The difference is thus of no consequence 
in our argument. A slight change in scale, to 
allow for this difference, produces the dashed 
curve. 


By graphic integration one may now com- 
pute the responses that would follow upon 
stimulation by flashes of various lengths. 
These are depicted in Figure 15B. The 10-, 
20-, 40-, and 80-millisecond resultants are 
emphasized in the drawing for comparison 
with the actual response tracings in Figure 
14C. The agreement is good. One observes 
that, whereas latency remains constant, im- 
plicit time should increase from 140 milli- 
seconds for the 10-millisecond stimulus to 
about 145, 158, and 182 milliseconds for the 
20-, 40-, and 80-millisecond stimuli, re- 
spectively. Examination of our actual rec- 
ords shows average implicit times of 140, 
140, 153, and 175 milliseconds for the cor- 
responding responses. 

It is also apparent that a “critical dura- 
tion” must appear at about 100 milliseconds, 
inasmuch as the “unit response” is of about 
that duration. This means that the response 
occasioned by later portions of a longer 
stimulus occurs too late to summate with 
the early part of the response and so serves 
merely to maintain rather than to elevate 
the b-wave. This accords with the facts. 
From the set of artificial curves one may 
also plot a graph showing amplitude of the 
bs-wave as a function of stimulus duration. 
Figure 16 shows such a curve drawn through 
a set of experimental points taken from the 
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data of Johnson and Bartlett,** obtained 
without full-retinal stimulation. 

That there is a limit to the application of 
my assumptions is seen, however, when I 
observe the implication that responses to 
long flashes should rise not to a peak but to 
a “plateau,” returning to the base line only 
after the cessation of the stimulus. But 
even this does hold, approximately, for low- 
intensity stimuli, though not when stimulus 
levels are raised. As one ordinarily ob- 
serves the electroretinogram, using stimuli 
which excite maximum or near-maximum 
b-waves, one seems to be dealing with a 
pure “on-effect,” but such is not the case. 
The production of a response apparently 
depletes some sort of response reservoir. 
The higher the level of the response elicited, 
the more rapid and severe is the depletion. 
As one approaches an intensity level 2 log 
units above the response threshold one finds 
that this “depletion” reaches a stage where 
even a brief flash seems to exhaust the en- 
tire reservoir. The result is a maximum 
b-wave and the diminished critical duration 
which, as was noted earlier, characterizes 
the higher intensity levels. The response 
tracings in Figure 17 illustrate these points. 
At the weakest intensity level even the re- 
sponse to the 320-millisecond flash main- 
tains its amplitude with little evidence of 
depletion. At the middle light level deple- 
tion is noticeable. At the highest level, 
where one just begins to see evidence of an 


40- 
~20- MSEC. FLASH 


° 100 200 300 400 MSEC. 

Fig. 17.—Response tracings at three imtensity 
levels. A :0.0125 ft.-L. B:0.05 ft.-L. C:0.25 ft.-L. 


Stimulus duration is indicated for each tracing. 
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a-wave, the available “reservoir” seems to 
be entirely consumed even by the effects of 
a 20-millisecond stimulus and no further 
response may be observed to continued 
stimulation. 

I find it necessary, then, to modify the 
second of my assumptions. The eye’s ability 
to respond electrically is affected during the 
course of the response, an effect which we 
have spoken of metaphorically as “depletion” 
of a “reservoir.” A proper quantitative study 
of this “depletion,” which may well be re- 
lated to the diminution of response observed 
as the eye becomes light-adapted, must await 
work with an eye in which pupil-accomoda- 
tory artifacts may be controlled. It may 
well be that animal subjects would be more 
appropriate than human subjects for this 
sort of research. 

Turning from the factor of duration to 
that of intensity of the stimulus, | may again 
try making one or two simple assumptions. 

3. Assume that the amplitude of response 
increases or decreases in proportion to the 
change in the logarithm of the stimulus 
intensity. I shall assume that all parts of the 
“unit response” are uniformly affected. 
Making this specific, I shall add 20uv. to the 
unit’s maximum amplitude for each 0.1 
log unit increase in intensity until a ceiling 
of 400pv. is reached. This rate of growth 
and ceiling are fairly typical. 

4. Accepting the original “unit stimulus” 
latency of 90 milliseconds when log I is 0.0 
(the original base intensity), assume that 
changes in the logarithm of the stimulus 
intensity result in inverse changes in log 
latency. Taking my inspiration from 
empirical observation, I shall suppose the 
change in log latency equal to one-sixth of 
the change in log intensity. The resulting 
relationship may be expressed in the fol- 
lowing formula : 

log lat»—1.9542—log 1/6 
The value 1.9542 is, of course, the logarithm 
of 90, the latency, in milliseconds, at the 
intensity level which I chose previously as 
a base. 

To test whether the addition of these two 
assumptions provides any reasonable picture 
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400 
16 (LOG. REL. INTENSITY) 


200 


Fig. 18—A, curves constructed from the “unit 
." These curves are for a 10-millisecond 
Amplitudes and latencies are determined 

according to my Assumptions 3 and 4. The 0.0 
intensity level would represent the basic “unit 
response.” B, actual response tracings for 10- 
salen flashes of a similarly graded intensity 
series. Calibration given in D, below. C, curves 
as in A, but calculated for 80-millisecond flashes. 
D, com le series of tracings of responses to 
80-millisecond flashes 


of the behavior of the b-wave I have em- 
ployed them to generate the series of 
response curves shown in Figures 184 and 
C, for 10-millisecond and 80-millisecond 


flashes. To obtain these curves the “unit 
response” is first summated or integrated 
over the appropriate duration and then 
multiplied by a factor which raises its peak 
amplitude to the level indicated by Assump- 
tion 3; finally it is moved bodily along the 
time axis in conformity with the statement 
about latency embodied in Assumption 4. 

In Figure 188 and D, are presented trac- 
ings of actual responses taken in the com- 
parable circumstances. Though there are 
obvious dissimilarities between the computa- 
tionally derived curves and the electroretino- 
grams, there is also a hopeful degree of 
correspondence. One is not too far from a 
set of principles providing a rather accurate 
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descriptive account of the b-wave. Matters 
might be improved somewhat by positing 
a slightly different “unit response” or per- 
haps by using as an alternate to Assumption 
4 a supposition that the entire time course 
of the response, not merely its latency, is 
altered by changing the stimulus intensity. 
But it is not profitable to press toward such 
refinements so long as the quantitative as- 
pects of the “depletion” effect, which I 
have mentioned previously, and of the con- 
current a-wave remain vague. 

Several methods of studying the depletion 
effect suggest themselves. One might ob- 
serve the decline directly in responses to long 
flashes (cf. response to 320-millisecond flash 
in Fig. 17B). If one puts sufficient faith 
in the hypothesizing of the last few para- 
graphs one might compare the heights of 
observed and computed b-waves, taking the 
difference to represent depletion. Another 
technique might be that of taking records 
in response to stimuli of progressively 
longer duration—e. g., every 10 milliseconds, 
in order to see what is added to the response 
by each new 10-millisecond increment. In 
such a study artifacts would have to be 
controlled rather well. One would also need 
to acquire a knowledge of the accompany- 
ing negative (a-wave) process. 

One study related to this “depletion,” and 
pointing up its relation to light adaptation, 
has been made by Dodt.** He has worked 
on the recovery phase following cessation 
of a 500-millisecond stimulus at an intensity 
ievel high enough to show only the slightest 
of off-effects (i. e., subsidence of residual 
b-wave at “off”). Flashes presented im- 
mediately after the cessation of the first 
stimulus yield but a meager response. About 
a second in darkness is required before a 
second flash if it is to excite a response of 
normal vigor. Dodt refers to this depression 
of response as an illustration of postexcita- 
tory inhibition. In the metaphor of the 
present paper I would speak of the time re- 
quired “‘to refill the b,-process reservoir.” 

There is little more to add to this dis- 
cussion. This has been an historical and 
descriptive summary relating primarily to 
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the b,-wave. It is hoped that the concept 
of the “unit response”—a response con- 
ceived as a function with both temporal and 
amplitudinal dimensions, but referred back 
to a specific small time segment of the 
stimulus—may prove helpful in an approach 
to other components of the ERG. Com- 
parison of the responses of the light- adapted 
eye to a brief (10-millisecond) and to a 
longer (500-millisecond) flash of high in- 
tensity (Fig. 19) suggests the possibility 
of this approach. If one tries to resolve the 
10-millisecond response into “unit” b,- and 
ap-responses, as in Figure 20B, and if one 
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Fig. 19—Tracings of the response of the light- 
adapted eye to a 10-millisecond and to an im- 
mediately following 500-millisecond stimulus. 
White light of about 1,000,000 foot-lamberts 
equivalent luminance was presented here in Max- 
wellian view with a 12 degree stimulus diameter. 


summates these successively so as to repre- 
sent 50 such responses at 10-millisecond 
intervals (i. e., “steady stimulus” lasting 
500 milliseconds), the resultant, as shown in 
Figure 20C, is remarkably like the actual 
response to a 500-millisecond flash. The 
separate a,- and b,-components are shown in 
Figure 21. It may be supposed that either 
depletion or a slight change in the tempo of 
the individual unit-components accounts for 
the fact that the off-effect, which should 
otherwise be a perfect inversion of the on- 
response, is actually a bit smaller. 
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Fig. 20.—A, schematic representation of re- 
sponse to an intense 10-millisecond flash delivered 
to the light-adapted eye. B, hypothetical analysis 
of this response into “unit” a,- and b,-responses. 
C, the resultant of 50 pairs of “unit responses” of 
this sort combined successively in simulation of a 
response to a 500-millisecond flash. 


This analysis, apart from making no 
reference to any c-wave, is in essential agree- 
ment with those of Piper ® and of Granit ** 
(Fig. 2C and D). Indeed, it resolves the 
point of difference between them by pro- 
viding, actually, two “d-waves,” that of 
Piper preceding and that of Granit following 
the decline of the positive process. Un- 
fortunately, data are not sufficient for a 
discussion of experimental parameters here, 
and much research must be done before this 
isolated “analysis” may be incorporated into 
a full and coherent account of the behavior 
of the photopic components of the electro- 
retinogram. 


Summary 


This is a history and summary of investi- 
gations leading toward analysis of the 
human electroretinogram, with special atten- 


Bp -PROCESS 
/ Fig. 21—Resultant of 
/ 50 “unit responses,” both 
dicated, illustrating the 
\ origin of the _ several 
- \ / GRANIT'S “waves” in the photopic 
\ d-wave ERG. Time scale in 
\ milliseconds. 
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tion given to work on the scotopic b-wave 
carried out in the psychology laboratory of 
Brown University. 

Changes in the ERG resulting from alter- 
ations of the spectral composition, the in- 
tensity, the area and locus, or the duration 
of the stimulus—and differences correlated 
with the adaptation-level of the eye—are 
described in some detail. Emphasis is on 
the expression of these changes in quantita- 
tive terms, 

It is suggested that the human ERG be 
described by reference to four “waves,” two 
of which, the photopic and scotopic b-waves 
(abbreviated as b,- and b,-waves), repre- 
sent postivity at the cornea and two of which, 
the photopic and scotopic a-waves (a,- and 
as-Waves ), represent negativity. It is recom- 
mended that the designation “x-wave,”’ intro- 
duced by Motokawa and Mita for the 
photopic b-wave, be dropped. 

An analysis of those changes in the form 
of the b,-wave of the dark-adapted eye that 
accompany variations in the duration and 
intensity of the stimulus is presented. This 
presentation is aided by reference to a 
hypothesized “unit response” having a dura- 
tion of about 100 milliseconds and occurring 
in response to a 10-millisecond segment of 
the stimulus. Derivations from this hypoth- 
esis accord well with observations on the 
change in implicit time as stimulus duration 
is lengthened and also provide a basis for 
the appearance of a “critical duration” in 
work with low-intensity stimulation. 

The existence of a maximal response, the 
shortening of the critical duration at higher 
intensity levels, and the failure of the b,- 
response to maintain amplitude during pro- 
longed stimulation by light of moderate of 
high intensity are explained by invoking a 
“depletion” effect, which is compared to 
the draining of a reservoir. 

The unit-response technique is tentatively 
extended in interpretation of responses of 
the light-adapted eye, where two processes, 
one positive and one negative, seem to pro- 
duce the initial ay- and b,-waves and also, 
at “off,” a d-wave complex that is a mirror- 
reversal of the on-effect. 


Johnson 


Department of Education and Psychology, Colby 
College. 
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The Electrical Response of the Human Eye in 
Far-to-Near Accommodation 


MATHEW ALPERN, Ph.D.; PAUL ELLEN, Ph.D., and ROBERT |. GOLDSMITH, M.D., Ann Arbor, Mich. 


I. Introduction 

Schubert! has recently shown that the 
accommodation of the normal human eye 
from far to near is accompanied by a 
direct-current change in potential which 
may be recorded from suitable electrodes 
placed on the conjunctiva in the region of 
the limbus. Schubert used the shell of a 
contact lens, from which the corneal section 
had been removed, onto which a silver- 
silver chloride electrode was attached. With 
suitable anesthesia of the cornea, this tech- 
nique is probably satisfactory for making 
a few measurements. However, when a 
large number of measurements are re- 
quired, over extended periods of time, we 
have found that severe damage to the cor- 
neal surface can result because the cornea 
of the eye rubs against the border of the 
lens, from which the corneal section was 
removed, whenever the eye chances to look 
to one side or the other. The present paper 
will describe a safer technique for record- 
ing these potentials which consequently 
permits more extended measurements over 
longer periods. 

It will also describe a number of experi- 
ments which have been carried out in order 
to establish the possible source of the re- 
corded potential. Some preliminary results 
will be described which show how the mag- 
nitude of the voltage recorded varies with 
the separation of the far and near targets 
and with the magnitude of the change in 
the accommodation responses of the eyes. 
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II. Method and Procedure 


An impression is made of the subject’s 
eye, and a standard-fluid contact lens is 
manufactured from the resulting mold and 
ground to render the eye emmetropic. The 
lens is then filled with buffer solution to 
which a drop of fluorescein dye is added, 
inserted on the subject’s eye, and examined 
for the extent of the fluid pool of the lens. 
A small mark is made on the scleral section 
of the lens, several millimeters outside the 
region of this pool on the temporal side at 
3 o'clock. The lens is removed, and a 2 
mm. circular hole is drilled through the lens 
at this point. A methacrylate (Plexiglas) 
tube (11 mm. long, of 2 mm. outside diam- 
eter and 1 mm. inside diameter) is fitted 
into the hole, and the joint is sealed with 
fluid methyl methacrylate, which is allowed 
to dry for about an hour. A wire lead is 
inserted into the tube and sealed in position 
by packing the remainder of the tube with 
fluid indium which is just above its melting 
point. (A small syringe and 23-gauge 
hypodermic needle may facilitate this oper- 
ation.) After the indium has cooled, it is 
buffed until smooth. A thin coat of silver 
print is then painted so that it makes con- 
tact with the indium and with the region 
of the sclera over the ciliary muscle. Con- 
tact between the electrode and the liquid 
pool of the lens should be avoided. The 
effect of the pattern of the electrode upon 
the adequacy of the electrode has not been 
systematically investigated. We have ob- 
tained satisfactory results from a roughly 
square surface 9 mm. on each side, extend- 
ing equally far above and below the indium 
solder and posteriorly to the edge of the 
lens, but no farther anterior than the an- 
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terior edge of the indium joint. The silver 
print is allowed to dry, and its inside sur- 
face is buffed smooth. The electrode is 
chloridized in the usual way and is then 
ready for use. As the indifferent electrode, 
a chloridized Grass EEG electrode is at- 
tached with some electrode jelly to the bone 
behind the left ear. In order to minimize 
D. C. drift, when not in use the two elec- 
trodes are connected together and placed in 
physiological saline solution. 

The essential features of the experimen- 
tal arrangement were the same as those 
previously described.* The subject sat in an 
electrically shielded but  well-illuminated 
room and fixated the mirror image of a 
vertical plumb line located 192 cm. from 
his spectacle plane. An aluminum ring 11.5 
cm. in diameter could be localized at any 
desired near distance. A single strand of 
black surgical thread was stretched tightly 
across the horizontal diameter of this ring. 
The subject observed a circular white back- 
ground about 2.5 degrees in diameter and 
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MARKER 


RIGHT EYE 
(FIXATING) 
RIGHT 


having a luminance of about 3.2 foot-lam- 
berts superimposed upon which were 
located a far (vertical) and a near (hori- 
zontal) black line which intersected in the 
center of the field much like the cross hairs 
of a reticle. The subject’s task was to 
maintain fixation on the point of inter- 
section of the horizontal and vertical lines 
but (on command) to bring into focus 
either the horizontal (near) or the vertical 
(far) thread. The eye not fixating was 
occluded. The experimental arrangement 
was such that movements of the fixating 
eye did not cause any electrical artifacts 
which might distort the record. This is 
demonstrated by Figure 1, which has been 
taken from the previous paper.? In this 
Figure are recorded the movements of both 
the occluded (nonfixating) and fixating 


eyes, by use of the electrical recording of 
the ocular resting potential (ORP) from 
skin electrodes at the nasal and temporal 
canthus of each eye. The demonstration in 
this Figure, which was also invariably the 


ORP 


LEFT EYE 


(OCCLUDED) 
LEFT 


Fig. 1—Change in the ocular resting potential (ORP) of each eye in far (340 cm.)- 


to-near (18.9 cm.) accommodation of the right eye. 3 
ORP of the fixating eye occurs throughout accommodation. 


Note that no essential change in the 
(Reprinted with permission 


from the American Journal of Ophthalmology.’) 


Alpern et al. 


case for the observers used in the present 
study, is that in making the change in fixa- 
makes no overt movement at all. 
tion from far-to-near the fixating eye 
In the present experiments the separation 
of the near and far targets was such that 
changes in the stimulus to accommodation 
ranging from 1.24 to 9.5 D. were obtained. 
The contact lens electrode was placed onto 
the fixating (left) eye after the skin elec- 
trodes were located on the nasal and tem- 
poral canthi of the nonfixating (occluded) 
eye. The leads from the contact lens elec- 
trode and a lead from the indifferent elec- 
trode (a skin electrode placed behind the 
left ear) were fed into one channel of a 
D. C. preamplifier and recorded after am- 
plification with pen oscillograph. The leads 
which recorded the ORP of the occluded 
eye were amplified and recorded in the 
second channel of the oscillograph. A third 
channel was used to record a voice record 
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100 pv 


Fig. 2—Simultaneous recording of the contact lens electrode from the fixating (left) 
eye and the vergence movement of the occluded eye. The left hand signal mark indicates 


far (192 cm.)-to-near (18 cm.); that on the right, near-to-far 
record is indicated by an upward 


positivity of the contact lens 
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of the experimenter as he spoke into a 
microphone to give commands for change 
in fixation. In this way the potential re- 
corded from the contact lens electrode dur- 
ing the accommodation of the fixating eye, 
the vergence movement of the occluded eye 
during accommodation of the fixating 
eye (such as that illustrated in Figure 1), and 
the stimulus artifact could all be obtained 
simultaneously on the record. Experiments 
were carried out on two young adult male 
observers. Although the essential details to 
be described have been obtained with each 
subject, most of the quantitative data re- 
ported will be for Subject 1, for whom 
more detailed data are available. 


III. Results 


Figure 2 illustrates the raw data obtained 
in a typical experiment with the contact lens 
electrode. In this Figure the top record is 


CONTACT LENS 
ELECTRODE 


100 pv 


tion. Increase of 
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the potential recorded between the contact 
lens electrode and the indifferent electrode 
attached to the bone behind the left ear, 
the middle record represents the associated 
vergence movement of the occluded eye, 
and the bottom record represents the signal 
marker. The signal marker on the left 
indicates the response of a microphone at 
the instruction “near’’; that on the right, 
the response at the instruction “far.” In 
this experiment the near target was 18 cm. 
from the eye. The contact lens electrode 
shows an increase of negativity of about 
200uv. on shift from far-to-near, which 
reaches a steady level in about one-third 
of a second. This steady level is maintained 
until the return to the far target, where- 
upon the potential returns approximately 
to the baseline. The corresponding vergence 
movement of the occluded eye (nasalward 
during the far-to-near shift, temporalward 
during the near-to-far shift) is recorded in 
the middle record. The relative reaction 
times of the responses recorded in each of 
the two channels are of importance for the 


theory of accommodation-vergence relation 
and will be analyzed in detail in a subse- 


quent paper. It is to be emphasized that 
the ORP recorded from the occluded eye 
is about one-half as large as that recorded 
from the contact lens. If the contact lens 
was merely recording the ORP of the oc- 
cluded eye as it moved nasalward during 
the change in fixation, one would expect 
(because of the remoteness of this lead 
from that eye) that the voltage picked up 
from the contact lens would be much less 
than the voltage obtained from leads next 
to the occluded eye. The opposite finding 
suggests that the potential recorded from 
the contact lens represents activity largely 
or exclusively occurring within the eye on 
which the lens is resting. This conclusion 
is strengthened by the fact that the relation- 
ship between the two voltages is not linear. 

The result of the experiment just de- 
scribed (an invariable finding in this work) 
suggests that the voltage obtained from the 
contact lens electrode was largely generated 
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within the fixating eye itself. One possible 
source of potential would be the contraction 
of the smooth muscle of the iris to produce 
the miosis of the “Naheinstellungsreaktion” 
(near-point reaction). 

In order to investigate the role that the 
pupil could play in the generation of this 
potential, the following experiment was 
carried out: A strong light was presented 
to the contralateral eye, which permitted the 
pupil in the fixating eye to become so small 
that no observable change could be detected 
in the size of the pupil when the eye 
changed fixation from the far to the near 
object. The voltage measured under these 
conditions was then compared with that 
obtained when there was no light in the con- 
tralateral eye and the pupil was conse- 
quently free to move through its normal 
amplitude. The result of one such experi- 
ment is illustrated in Figure 3, in which the 
fixation distance was 20 cm. This is a 
histogram showing the frequency distribu- 
tion of the voltages obtained in 25 separate 
measurements both with the light exposed 
to the contralateral eye and under the nor- 
mal viewing conditions. It is seen that no 
significant difference exists between the 
voltage generated with the light off or on. 
This proved to be the case every time the 
experiment was performed, either in far- 
to-near or near-to-far accommodation, and 
it proved to be independent of the testing 
distances involved. This suggests that the 
role of the pupil in the generation of the 
voltage in far-to-near accommodation must 
be negligible. 

The extremely unlikely possibility exists, 
however, that, even though no observable 
change could be detected in the size of the 
pupil when the light was on, pupil activity 
might still be generating the voltage ob- 
tained. In order to check this possibility, 
the following experiment was carried out: 
Photographic measurements were made of 
the size of the pupil when the eye was 
fixating the targets at various test dis- 
tances, with use of normal room _ illu- 
mination. The contralateral eye was then 
exposed to a 16.4 degree adaptation field 
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Fig. 3—Histograms showing the frequency distribution of the voltages recorded in 
accommodation from far (192 cm.) to near (20 cm.) and back to far when a strong light 
is exposed to the contralateral eye in such a manner that no change in the size of the 
pupil of the fixating eye can be observed during accommodation. Control experiment for 


comparison is done under the usual conditions, 


produced by Maxwellian view. The size 
of the pupil was again measured in the 
normal room light when the contralateral 
eye was exposed to various field lumi- 
nances. The results of both of these pupil- 
lographic experiments are illustrated in 
Figure 4, which depicts the pupil diameter 
as a function of (a) change in the stimulus 
to accommodation and (6) retinal illumi- 
nance of the contralateral eye. With use of 
this graph, it is possible to determine the 
retinal illuminance required in the contra- 
lateral eye to produce the magnitude of 
pupil constriction obtained with the maxi- 
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in which the pupil size fluctuates freely. 


mum change in the stimulus to accommo- 
dation. The dotted lines in this Figure 
illustrate this determination. It is now 
possible to measure the magnitude of the 
voltage generated by the change in pupil 
size equal to that produced by the maximum 
accommodation change by exposing to the 
contralateral eye the relevant intensity 
(4X 10° trolands) with the accommodation 
held fixed. The experiment proved some- 
what difficult, because almost every turning 
on or off of the light was followed by a 
blink, which could be easily mistaken for 
a voltage generated by the pupil. If, how- 
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Fig. 4.—Diameter of the pupil under various stimulus intensities of light exposed to the 


contralateral eye and under various stimuli to accommodation. 


The intensity of the light 


required to give the same degree of pupil constriction as the maximum change in the stimulus 
to accommodation is recorded by the pattern of the dotted line. It is equal to 4X10 trolands 


of retinal illuminance. 


ever, no blink was present, the experiment 
showed virtually no change in potential 
when the light was turned on or off. Occa- 
sionally a small change in potential (in- 
crease of negativity when the light went 
on and opposite change when the light went 
off) was just barely detectable above the 
noise level. Figure 54 shows one example 
of this. Figure 58 illustrates a control ex- 


periment showing, for comparison, the 
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voltage generated in a shift from far-to- 
near (20 cm.) target. In Figure 5C the 
intensity of the light is 10 times brighter 
than that required for maximum pupil con- 
striction in far-to-near accommodation, and 
still no obvious voltage can be detected 
when the light is turned off or on, 

The experiments described above seemed 
to indicate that the potentials recorded from 
the contact lens electrode in changing fixa- 
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Fig. 5.—Raw record of the potential recorded from the contact lens electrode. A, stimulus 
to accommodation held fixed and a bright (4X10 trolands) light exposed to the contralateral 
eye by Maxwellian view. Signal mark indicates on and off of this light. B, control experi- 
ment accommodation from far (192 cm.) to near (20 cm.) and then back to far. C, same as 
in A except that the photic stimulus is now 10 times as intense (410° trolands) as that 
required to produce maximum pupil constriction in the far-to-near accommodation. Increase 
of positivity of contact lens record is indicated by a downward deflection. 
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Fig. 6.—Variation in the magnitude of the potential recorded from the contact lens elec- 
trode as a function of the change in the stimulus to accommodation. The results are the 
means of two repetitions of the experiment. 
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tion from far to near were closely related 
to the accommodation process itself. It 
therefore seemed important to know how 
the magnitude of the recorded potential 
varied with change in the stimulus to ac- 
commodation. 

In order to answer this question, experi- 
ments were carried out in which the separa- 
tion of the near target was varied randomly 
through a range of values. Measurements 
were made on two separate days, the second 
session being a repeat of the first except 
that the order of testing distances was 
changed. On each day from 5 to 30 meas- 
urements were obtained at each distance 
both in the shift from far to near and that 
from near to far. The same general trends 
were apparent on each day; therefore, only 
the means of the data are presented. The 
results of this experiment are illustrated 
in Figure 6, which shows the variation of 
the recorded potential as a function of the 
change in the stimulus to accommodation. 
It is seen in the Figure that the increase 
in the change in the stimulus is associated 
with an increase in the potential until a 
maximum value is reached. It is important 
to point out that the value of the abscissa 
at the maximum ordinate in this figure is in 
good agreement with the value (6.57 D.) of 
the subject’s amplitude of accommodation 
as measured in the clinic. Further increase 
in the stimulus to accommodation beyond 
this maximum value is not associated with 
any further increase in the potential. On 
the contrary, a decrease in the measured 
voltage is obtained at the highest stimulus 
levels. These data have important theoreti- 
cal implications for the operation of accom- 
modation and the theory of presbyopia, 
which are the subject of further studies 
to be published soon. For the present pur- 
pose it will suffice to point out the general 
relation between change in the stimulus to 
accommodation and the magnitude of the 
potential which has been found. 

How does the magnitude of this poten- 
tial vary with changes in the actual amount 
that the eye accommodates? Technically, 
this question is difficult to answer because 
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some suitable means must be found to meas- 
ure the accommodation of the eye, prefer- 
ably simultaneously with the measurements 
of the potential recorded from the contact 
lens. Some preliminary results have been 
obtained with use of a stigmatoscope, 
viewed by reflection from a_half-silvered 
mirror, and a Badal optometer to measure 
the accommodation subjectively. The essen- 
tial features of the apparatus have been 
described elsewhere by one of us (M. A.).* 
The only additional feature here employed 
was a cam-operated microswitch which 
flashed the stigmatoscope light on for one 
second in every two, thus preventing the 
subject from accommodating on the stigma. 
All of the electrical features of the stig- 
matoscope were shielded. The procedure 
was to have the observer look through a 
3.00 D. concave lens at the fine scale of 
a white meter stick, mounted at 116 cm. 
distance from his eyes. He was able to 


clear the target or to blur it on command, 
and the voltage from the contact lens was 
simultaneously recorded. A setting on the 


Badal optometer was made prior to and 
following each change in accommodation. 
The results of the experiment are illus- 
trated in Figure 7, which shows the poten- 
tial recorded for various amounts of change 
in accommodation. Each point represents 
an individual datum. The smooth curve 
has been drawn merely to show the general 
trend of the data. There is a clear increase 
in the voltage as the accommodation in- 
creases. It should be pointed out, however, 
that this experiment permitted only a small 
range of accommodation values to appear; 
consequently, no theoretical interpretation 
of such data will be attempted at this time, 
beyond the obvious verification of the fact 
that the potentials are related to actual 
changes in focus of the eye. In a subse- 
quent paper the relation between these two 
variables will be subject to further analysis, 
over a wider range of values, and the theo- 
retical implications of these data and those 
in Figure 6 will be discussed in some detail. 
For the present purpose, it will suffice to 
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Fig. 7—Variation in the magnitude of the potential as a function of the variation in the 
amount of change in the accommodation of the eye. The latter data were measured by 
viewing a Badal optometer and a stigmatoscope through a half-silvered mirror while the 
eye accommodated or relaxed through a —3D. lens. Each point is an individual datum. 


point out that there is good agreement 
between these two studies. 


Comment 


The experiments demonstrate that there 
is a close quantitative relationship between 
the magnitude of the potential recorded 
from an electrode over the sclera in the 
region of the ciliary muscle during the 
process of accommodation and the magni- 
tude of the accommodation response. It 
seems reasonably certain that the potential 
is not generated by the movements either 
of the fixating eye or of its occluded fellow 
or by contraction and relaxation of the 
smooth muscle of the iris during accommo- 
dation. Is it possible to say more as to the 
source of this potential ? 

It has been suggested by Noell * that the 
process of accommodation, the contraction 
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of the ciliary muscle with its mechanical 
traction on the choroid, and the abrupt 
change in form of the lens surfaces and of 
the zonule are capable of producing marked 
D. C. changes in the resting potential exist- 
ing between the front and the back of the 
eye. This change of potential would be 
similar to what can be recorded between a 
needle electrode at the limbus and an in- 
different electrode at the back of the eye 
as the needle is suddenly thrust into the 
globe. In order to test this proposal, we 
have placed a EEG skin electrode on the 
external canthus as close to the eye as we 
could get it. Records were made of the 
potential picked up between this electrode 
and an indifferent electrode on the skin 
behind the ear. At no time was it possible 
to pick up any change in potential between 
these two electrodes when the eye changed 
focus from a far to a near target. This was 
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true even though the stimulus was such that 
the contact lens electrode would have picked 
up a near maximum voltage and even 
though the apparatus was capable of easily 
detecting 5nv. signals from the noise. Born- 
schein and Schubert have recently meas- 
ured the magnitude of the resting potential 
recorded for a given size eye movement 
(a) when the eye is fixating at far and (>) 
when it is accommodating for near. They 
were unable to find any difference in the 
magnitude of the voltages recorded in these 
two different conditions. These two ex- 
periments are contrary to what might have 
been expected if Noell’s theory were cor- 
rect, although neither of them can be con- 
sidered crucial. 

Schubert! and Bornschein and Schu- 
bert ® believe that the contact lens is re- 
cording an “integrated” action potential 
generated by the ciliary muscle whenever 
the eye accommodates or relaxes its accom- 
modation. The polarity of the potential 
supports this notion. With the electrode 
described in this paper the far-to-near ac- 
commodation is always accompanied by an 
increase of negativity of the electrode, 
while looking from near to far is always 
accompanied by an increase of positivity of 
the electrode. Schubert described the oppo- 
site polarity changes. This discrepancy can 
be attributed to difference in the geometry 
of the electrode and their respective local- 
izations with respect to the eye. For ex- 
ample, if a standard ERG electrode is used, 
in which contact is made with the cornea, 
then it can be shown (under conditions in 
which no change in pupil diameter occurs) 
that the accommodation is associated with 
an increase in positivity of the contact lens 
electrode. The variation in polarity as the 
position of the electrode is changed with 
respect to the eye is exactly what would 
be anticipated if the lens electrode were 
picking up a highly localized action poten- 
tial generated by the muscle itself. 

Nevertheless, many more data will be 
required before a definite decision can be 
made about these matters. It is true *!° 
that the single smooth muscle cells have 
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recently been shown to have a membrane 
potential and that the contraction of such a 
muscle cell in physiological preparation can 
be associated with high frequency “spike” 
action potentials. It remains to be shown, 
however, first, that such electrical phenom- 
ena occur in the mammalian ciliary muscle 
cell and, second, the way these electrical 
changes from single cells integrate to pro- 
duce the slow D. C. waves recorded from 
the contact lens electrode. Clearly, a great 
deal of precise physiological experiments 
on whole ciliary muscle and single cells need 
yet to be done before one can unequivocally 
adopt Schubert’s hypothesis. 

It is also possible that the potential may 
be produced by some other process which 
changes during accommodation that has not 
yet been given detailed consideration. Two 
such processes readily come to mind. One 
of these is the obvious changes in the form 
of the lens which are an essential feature of 
accommodation srindley"' has shown 
that the inside of the lens is 70 my. more 
negative than its surroundings. It seems 
possible that changes in this voltage would 
occur during accommodation. It is also 
possible that changes in volume 
of the ciliary body might occur during 
accommodation and that this could be re- 
sponsible for the effect. Clearly, a consid- 
erable number of purely physiological 
experiments will be required before the 
source of the D. C. change in potential 
which occurs during accommodation can be 
established with certainty. 


Summary 

A relatively safe and simple technique is 
presented which permits measurement of 
the D. C. shift in potential in the human 
eye that is generated in accommodation of 
the eye from far to near or from near to 
far. Experiments demonstrate that move- 
ments of either the fixating or occluded eye 
or contraction of the smooth muscle of the 
iris is not responsible for the effect. The 
way in which this potential varies over a 
range of changes in the stimulus to accom- 
modation and the actual changes in accom- 
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modation of the eye are described. A 
considerable number of further experi- 
ments will be required to establish with 
certainty the source of this potential. 


Vision Research Laboratories, 3433 Mason Hall, 
University of Michigan. 
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Penetration of Pyrimethamine (Daraprim) into 


Ocular Tissues of Rabbits 


CHANG S. CHOI, M.D., Seoul, Korea 


Chemically, pyrimethamine (Daraprim) 
is 2,4-diamino-5-p-chlorophenyl-6-ethylpy- 
rimidine, with the empirical formula 
This chemical was synthe- 
sized by the Wellcome Research Labora- 
tories, Tuckahoe, N. Y., as an antimalarial 
drug which arrests plasmodial development 
at those stages involving nuclear division. 
Besides this antimalarial activity, pyrimeth- 
amine has been shown to have an extraor- 
dinarily potent antimetabolite activity. 


To my limited knowledge, the mode of 
action of the preparation against toxoplas- 
mosis has not been entirely elucidated. 
However, Eyles and his associate,’ in 1952, 
reported antitoxoplasminic action of the 
drug in mice and, in 1953, showed that 
pyrimethamine and sulfadiazine were syn- 
ergistic to each other against experimental 
toxoplasmosis in the mouse.? Since these 
reports, the drug has been widely used in 
the treatment of presumptive toxoplasmic 
infections of man as well as of experimen- 
tal toxoplasmosis of animals. 


In the past years, numerous papers on 
the subject have been published, creating 
two maj. conflicting currents of opinions as 
to the effectiveness of the drug against 
ocular toxoplasmosis. The conflict may be 
attributed to these several components: 1. 
There is difficulty in establishing concrete 
diagnosis of toxoplasmic lesions in human 
eyes. Even when there is an established 
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diagnosis of ocular toxoplasmosis, the dual 
pathogenesis of lesions, some being due to 
cyst rupture and some to proliferative 
forms of Toxoplasma, must be clarified as 
far as the therapeutic potentiality of pyri- 
methlamine is concerned. 2. The nature 
and dose of other drugs, such as steroids 
and sulfonamides, when administered along 
with pyrimethamine are another source of 
confusion in evaluating the effectiveness of 
pyrimethlamine against human ocular tox- 
oplasmosis. 3. Finally, the dose of pyri- 
methamine used in the treatment of ocular 
toxoplasmosis varies from one author to 
another, ranging from 25 to 75 mg. a day, 
and the duration and interval of medication 
also vary, in addition to the variation in 
dosages of subsidiary or synergistic drugs 
mentioned above. Considering these three 
components, it is highly advisable to stand- 
ardize the therapeutic dose of pyrimetha- 
mine in order to evaluate its effectiveness 
against ocular toxoplasmosis. 

Cook and his associate,* using eight-day- 
old roller-tube cultures of minced mouse 
embryonic tissues inoculated with Toxo- 
plasma gondii of the R. H. strain, have 
demonstrated that lag. of pyrimethamine 
per cubic centimeter prevented the multi- 
plication of T. gondii organisms but did not 
destroy them and that 10ug. of pyrimetha- 
mine per cubic centimeter completely de- 
stroyed T. gondii. On the basis of their 
experimental work they concluded that “the 
lowest effective concentration of pyrimeth- 
amine (Daraprim) in these tissue culture 
tests indicates that this lies in the range 
of three or four micrograms per cubic 
centimeters.” 
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In view of these facts, studies of the 
penetration of the drug into ocular tissues 
have been carried out in order to estimate 
the dose of pyrimethamine sufficient to 
meet this criterion in rabbit eyes. 


Experimental Method 


The paper-disc assay method was used, 
with use of Streptococcus faecalis, A. T. 
C. C. 8043, as an indicator.* Chinchilla 
rabbits were used, equal numbers of males 
and females, weighing 2.5 to 4.0 kg. 


Preparation of Inoculum.—S. faecalis, 
cultured overnight in broth (yeast extract 
1%, glucose 1%), was centrifuged and 
washed four times with saline in order to 
remove traces of folic acid and was then 
suspended in saline until the mixture was 
faintly cloudy. 


Preparation of Seed Plates —Bacto-Folic 
Acid Assay medium 7.5 gm., of folic acid, 
O.lng., and agar, 2 gm., were dissolved in 
100 cc. of distilled water, and the prepara- 
tion was autoclaved. When the tempera- 
ture fell to about 45 C, 50 cc. of inoculum 
prepared previously was poured into the 
medium. The mixture was shaken in such 
a way that the cells could be evenly distrib- 
uted throughout the container and then was 
poured into Petri plates, about 15 cc. in 
each plate. 


The seed plates so prepared were kept 
in a refrigerator. They were prepared once 
a week to avoid the error which might have 
happened by the growth of S. faecalis in 
the seed plate during storage. 


Fig. 1.—Concentration 
of pyrimethamine in the 
blood stream of normal 
rabbits after intravenous 
injection. The concentra- 
tion is represented by the 
zones of inhibition of S. 
faecalis growth and com- 
pared with the zones of 
inhibition of known con- 
centrations of pyrimetha- 
mine. 


Inhibition 


of 
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Method of Assay.—Filter-paper discs, 10 
mm. in diameter, were placed upon the 
surface of the seed plate; 0.03 cc. of speci- 
mens, aqueous humor, vitreous humor, tis- 
sue extracts, and standard pyrimethamine 
solutions were added to separate discs. The 
plate was incubated overnight, and the 
zones of inhibition were measured with a 
millimeter ruler. 

Pyrimethamine solutions with known 
concentrations were tested simultaneously 
each time an assay was run, since conditions 
of autoclaving and temperature of incuba- 
tion cannot be duplicated exactly from time 
to time. 


Intravenous Injections 


1. Pyrimethamine Concentration in Se- 
rum.—It was believed that the concentra- 
tion of pyrimethamine in serum had to be 
estimated before the concentration in the 
ocular tissues was checked in order to cor- 
relate the presence of the drug in the blood 
stream and in the ocular tissues. 

Ten rabbits were used in this study and 
were divided into five groups of two rabbits 
each. Rabbits in each group received an 
intravenous pyrimethamine injection of 8, 
6, 4, 2, and 1 mg. per kilogram of body 
weight, respectively. Then blood was drawn 
at 15, 30, 60, 120, and 240 minutes, re- 
spectively, and sera were obtained. Figure 
1 shows the average values of two readings 
in each group. 

One of the rabbits receiving 8 mg. per 
kilogram died in convulsions within 15 
minutes after the injection, and the sera 
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from rabbits receiving 1 mg. per kilogram 
showed no inhibitory action at all. These 
two groups are not shown in the Figure. 


The blood level rose rather abruptly 
within 15 minutes after the injection and 
fell sharply within 2 hours. 


2. Pyrimethamine Concentration in the 
Aqueous and Vitreous —In normal undis- 
turbed eyes: Twelve rabbits received an 
intravenous injection of pyrimethamine, 2 
mg. per kilogram of body weight. The 
rabbits were divided into four smaller 
groups of three each. Prior to the sample- 
taking, eyes were anesthetized with 2 drops 
of 0.5% tetracaine hydrochloride solution, 
were flushed with sterile isotonic saline, and 
were proptosed with the aid of a muscle 
hook by an assistant. For the tapping of 
the aqueous, a sterile 27-gauge needle and a 
sterile tuberculin syringe were used; for 
the tapping of the vitreous through the 
sclera behind the lens a 20-gauge needle 
was used, The aqueous and vitreous of the 
rabbits in the different groups were tapped 
at 30, 60, 120, and 240 minutes. 

The concentration of pyrimethamine in 
micrograms per cubic centimeter in the 
aqueous and vitreous was determined by 
the paper-disc method previously described. 

The same procedure was repeated on an- 
other group of rabbits receiving 4 and 6 
mg. per kilogram, respectively. 

Pyrimethamine was not detectable in the 
aqueous and vitreous in any of those groups 
tested. 

In Disturbed Eyes: The penetration of 
a systemically administered drug into the 
eye depends primarily upon the permeabil- 
ity of the blood-ocular barriers. Studies 
were therefore conducted to determine the 
effect of inflammation and double tap upon 
the penetration of pyrimethamine into the 
eye. 

Inflamed eye studies. Approximately 
one-half of the right cornea of the six 
rabbits was burned with hydrochloric acid 
(2 N). The rabbits were divided into three 
groups of two each. One hour after the 
burning, intravenous injections of pyri- 
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TABLE 1.—Concentration of Pyrimethamine in the 
Aqueous Humor of Chemically Inflamed 
Rabbit Eyes After Intravenous 
Injection * 


Zone of Inhibition, Mm. 


Inflamed 
Eye 


Intact 


Pyrimethamine dose, mg/kg. Eye 


* The concentration is represented by the zones of inhibition 
of S. faecalis growth and is compared with the zones of inhibi- 
tion of known concentrations of pyrimethamine. 


methamine were made: The first group 
received 6 mg. per kilogram; the second 
group, 4 mg. per kilogram; the third group, 
2 mg. per kilogram of body weight, respec- 
tively. One hour after the injections, two 
hours after the burnings, the aqueous and 
vitreous of both eyes were tapped and sub- 
jected to the filter-paper-disc assay. The 
results are presented in Table 1. Only the 
6 mg. group showed slight evidence of 
penetration of the drug into the aqueous but 
not into the vitreous. 


Double-tap studies. Three rabbits each 
received an intravenous injection of pyri- 
methamine, 6 mg. per kilogram of body 
weight. The aqueous and vitreous of both 
eyes were tapped twice, once at the end of 
30 minutes and once at the end of 60 min- 
utes. The results of the filter-paper-disc 
assay are shown in Table 2. It can be seen 
that a previous paracentesis slightly accel- 
erated the penetration of the drugs into 
the anterior chamber but not into the vit- 
reous cavity, even when a massive dose of 
drug, close to the margin of safety in 
rabbits, was administered. 


3. Uveal Tissue Studies—Despite the 
rapid rise of concentration in the blood 
stream following intravenous injection, no 
appreciable amount of pyrimethamine was 
demonstrated in the ocular fluids. Assum- 
ing that the blood-aqueous and _ blood-vitre- 
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TaBLe 2.—Concentration of Pyrimethamine in the 
Secondary Aqueous Humor of Normal Rabbit 
Eyes After Intravenous Injection * 


Zone of Inhibition, Mm. 


Aqueous Vitreous 
3 Min. 60 Min. 30 Min. 60 Min. 
Animal — 


No. O.D. 0.8. 0.D. 0.8. 0.D. 0.8. 0. D. 0.8. 
0 12 0 0 

14 Trace 0 0 0 0 
0 14 “4 0 0 0 


pyrimethamine, sg/cc. 
10 17.7 
5 16.5 
2.5 13.5 


* The concentration is represented by the zones of inhibition 
of 8. faecalis growth and is compared with the zones of inhibi- 
tion of known concentrations of pyrimethamine. 


ous barriers have selective activity in 
permeability, one can easily presume that 
the drug in question may be held in the 
uveal tissue but may not be allowed to 
penetrate into ocular chambers. To make 
it clear whether or not this presumption is 
true, uveal tissues were extracted with 
acetic acid and the extracts were subjected 
to the filter-paper-disc assay. The proce- 
dures were as follows: All manipulations 
were carried out under sterile conditions. 
Eyes were enucleated from the pyrimeth- 
amine-treated rabbits and put into a sterile 
glass bottle and kept in a refrigerator until 
they were subjected to the dissection. In 
dissection, a crucial section of the cornea 
was made; iris and ciliary body were easily 
detached from the choroid at the pars plana 
by pulling the iris with a pair of toothed iris 


Fig. 2.—Concentration 
of pyrimethamine in the 
uveal tissue of normal 
rabbit eyes after intra- 
venous injection. The 
concentration is  repre- 
sented by the zones of 
inhibition of S. faecalis 
growth and compared 
with the zones of inhibi- 
tion of known concentra- 
tions of pyrimethamine. 


Inhibition 
(mm.) 


Zones of 


forceps. The crucial sections of the cornea 
were extended backward beyond the equa- 
tor in four directions, and lens, vitreous, 
and retina were removed with the aid of 
cotton applicators and a pair of iris scissors. 
The choroid was stripped off of the sclera 
by blunt dissection, with use of Daviel’s 
lens spoon. The removed irises and ciliary 
bodies of two eyes were mounted on a cover 
glass; the choroids of the same eyes were 
mounted on another cover glass and were 
weighed separately. In extraction, 3 cc. of 
acetic acid (0.1 N) was added to every 
1 gm. of wet uveal tissues. These prepara- 
tions were ground in a mortar with Alun- 
dum and were centrifuged. The extracts 
so obtained were made available for the 
filter-paper-dise assay. 

A single dose of intravenous injection of 
pyrimethamine, 4 mg. per kilogram of body 
weight, was given to eight animals, which 
were divided into four groups of two each. 
The rabbits were killed by air injection. 
The time intervals at which the rabbits were 
killed were 30, 60, 120, and 240 minutes, 
respectively. 

The same procedure was repeated on an- 
other group of rabbits, which received 2 
mg. per kilogram of body weight. 

The average values of two readings of 
the zones of inhibition are shown in Fig- 
ure 2. The intrauveal level of the drug 
following a single intravenous injection 
rose rapidly within 30 minutes to more than 
Sug. per cubic centimeter and was main- 
tained at this level about 2 hours. The 
concentration of the drug in the anterior 
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INHIBITION 


ZONES OF 


iS 30 


AQUEOUS 


Fig. 3.—Concentration 
of pyrimethamine in the 
aqueous humor of normal 
rabbit eyes after subcon- 
junctival injection. The 
concentration is  repre- 
sented by the zones of 
inhibition of S. faecalis 
growth and compared 
with the zones of inhibi- 
tion of known concentra- 
10 5 25 tions of pyrimethamine. 


DARAPRIM 


MINUTE S——* ¥ foc. 


uvea (the iris and ciliary body) was higher 
than in the posterior uvea (the choroid). 


Subconjunctival Injections 


After the instillation of 0.5% tetracaine 
hydrochloride, 15 rabbits received a single 
dose of bilateral subconjunctival injection 
of pyrimethamine, 0.05 mg. in a 0.5 cc. 
volume. The rabbits were divided into five 
groups of three each. The aqueous and 
vitreous of both eyes were tapped with the 
same technique as described before. The 
time intervals at which the specimens were 
obtained were 15, 30, 60, 120, and 240 
minutes after the subconjunctival injections 
of pyrimethamine. The concentrations of 
pyrimethamine in the specimens are shown 
in Figure 3. Each figure represents the 
average value of six eyes of three rabbits. 

Pyrimethamine level in the aqueous humor 
after a single subconjunctival injection was 
satisfactory even with a small dose of 
pyrimethamine and fell rather rapidly in 
less than two hours. However, the concen- 
tration of pyrimethamine in the vitreous in 
the same period of time was nil, which is 
not presented in the Figure. 


Retrobulbar Injections 


Twelve rabbits were chosen for this 
study. Eyes were anesthetized with 2 drops 
of 0.5 tetracaine hydrochloride solution. 
Bilateral retrobulbar injections of pyri- 
methamine, 0.1 mg. in 1 cc., were given. 


Chot 


Rabbits were divided into four groups. The 
technique of sampling and assay was the 
same as previously described. The time in- 
tervals at which the samples were taken 
were 15, 30, 60, and 120 minutes after the 
injection. 

The concentrations of pyrimethamine in 
ocular fluids after retrobulbar injections are 
charted in Table 3. As one may see in the 
Table, pyrimethamine level in the aqueous 
is not consistent but, rather, has a sporadic 
pattern. On reviewing the notes made dur- 
ing experiments, it was found that the eyes 
showing a satisfactory concentration of the 
drug in the aqueous had a good bleb after 
the retrobulbar injections simulating sub- 
conjunctival injections. Pyrimethamine level 
in the vitreous is practically nil. Therefore, 
one may conclude that pyrimethamine in- 
jected into retrobulbar spaces may not pene- 
trate into ocular chambers at all, or very 
little, unless it floods into subconjunctival 
spaces. The over-all picture of this study 
indicated that pyrimethamine injected into 
the retrobulbar space did not penetrate into 
the ocular chambers but did confirm that 
the subconjunctival injection was an ade- 
quate route to permit entry of pyrimetha- 
mine into the aqueous. 


Tolerance Studies 


1. Intravenous Injections—During the 
series of experiments some animals ex- 
perienced a transient convulsion even with 
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TABLE 3.—Inconsistent Appearance of Pyrimethamine in the Aqueous Humor of 


Normal Rabbit Eyes After Retrobulbar Injection * 


Zone of Inhibition, Mm. 


Animal No. 
61 © 0 
62 M4 
63 13 0 
13.5 14 
65 0 
6 16 
67 
68 


15 Min. 30 Min. 60 Min. 120 Min. 15 Min. 30 Min. 60 Min. 120 Min. 


0.D. 0.8. 0. D. 0.8. O.D. 0.8. 0. 0.8. 0. D. 0. 8. 0. D. 0.8.0. D. 0.8.0. D. 8. 


— 

oso 


os 
> 
coo 


Known concentration of pyrimethamine, yg/ce. 
10 
5 
2.5 


* No pyrimethamine was detectable in the vitreous humor of the same eyes. 


an intravenous dose of 4 mg. per kilogram 
of body weight. One of two rabbits died 
immediately after having an intravenous 
injection of pyrimethamine, 8 mg. per kilo- 
gram of body weight, in the study of blood 
concentration of pyrimethamine. To make 
sure that this death was due to overdose of 
pyrimethamine, another five rabbits were 
chosen to receive an intravenous injection 
of pyrimethamine, 8 mg. per kilogram of 
body weight. Of those five rabbits, three 
died within 15 minutes in convulsions ; two 
of them experienced a transient convulsion. 
The rabbits that survived received an addi- 
tional 8 mg. of pyrimethamine per kilogram 
and died in convulsions. It is not the pur- 
pose of this paper to determine the lethal 
dose of the drug. However, the data strongly 
indicate that a single intravenous injection 
of 8 mg. per kilogram of body weight is 
well over the margin of safety in rabbits. 

2. Subconjunctival Injections —Three 
normal adult rabbits were chosen for this 
study. Each eye of the rabbits received a 
daily subconjunctival injection of pyrimeth- 
amine, 0.05 mg. in a 0.5 cc. volume, with 
use of 0.5% tetracaine anesthesia. External 
examinations were made daily during the 
first week, and pupils were dilated for de- 
tailed observation at the end of each week. 
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No significant local reactions were noticed 
except an occasional mild congestion around 
the site of injection. 

One of the rabbits was killed by air 
embolism at the end of the 4th week; the 
second, at the end of the 6th week, and the 
last, at the end of the 10th week. Eyes were 
enucleated and prepared for histopathologi- 
cal study. Microscopic examination re- 
vealed that negligible to mild degree of 
cyclitic membrane was present in all of the 
eyes examined, and the thickness of the 
cyclitic membrane paralleled the duration of 
the treatment. No evidence of cataract was 
found. The findings indicate that all of the 
animals so treated had, more or less, a 
subclinical inflammation in and around the 
ciliary body during the treatment (Fig. 4). 


3. Intracameral Injections.—Right eyes of 
three normal adult rabbits were subjected 
to these studies. After instillation of 0.5% 
tetracaine into the eyes, the aqueous humor 
was withdrawn and 0.2 cc. of pyrimethamine 
solution containing 10 mg. per cubic centi- 
meter was injected into the anterior 
chamber with sterile technique. The eyes 
were examined every day for a_ week. 
Twenty-four hours later the lids were 
swollen and reddened, the conjunctiva was 
chemotic and congested, and the cornea was 
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edematous; the thickness of the cornea was 
almost three times that of normal cornea ; 
the endothelial layer was hardly visible. A 
strong reaction was noticed in the anterior 
chamber, characterized by numerous cells, 
mostly pigment cells; fibrinous exudates, 
and a strong beam. The anterior surface of 
the lens was almost completely covered with 
a pigment sheet which did not permit the 
further examination of the posterior seg- 
ment of the eye. 

Eyes were enucleated at the end of the 
eighth week for histopathological examina- 
tion. Microscopic examination revealed that 
there were moderate to marked sequelae of 
keratitis and anterior uveitis and mild to 
moderate sequelae of posterior uveitis but 
no evidences of cataractous changes. 


4. Intravitreal Injections —Six normal 
adult rabbits were chosen for these studies, 
and the right eyes received an intravitreal 
injection of pyrimethamine with sterile tech- 
nique. The first three received 5.0 mg. in 
0.5 cc. of solution ; the second three received 
0.5 mg. in 0.5 cc. At the end of 24 hours 
after the injections, the eyes given injections 
of 5 mg. of the drug showed marked opacity 
of the vitreous which was so dense that the 
fundus was not visible. The injection of 
0.5 mg. produced a moderate number of 
floaters in the vitreous, and the retina seemed 


Choi 


Fig. 4—A mild cyclitic 
membrane after subcon- 
junctival injection of pyri- 
methamine for two months. 


to be edematous and structureless. By the 
end of the first week the eyes given in- 
jections of 5 mg. of the drug showed dense 
opacity of the vitreous which still did not 
allow the clear view of the fundus. The 
eyes given 0.5 mg. injections showed a 
fairly clear vitreous which permitted one 
to see the detached and fragmented retina 
in the fundus. The first group, 5 mg. group, 
was killed on the ninth day. Eyes were 
prepared for histologic examination. 
Microscopic examination revealed that all 
of the three eyes developed retinal detach- 
ment, and the detached retina was so dis- 
integrated that the normal structures of the 
retina were not recognizable. In addition to 
these findings, there were signs of acute 
uveitis. One of three eyes in the group de- 
veloped posterior subcapsular cataract. The 
0.5 mg. group was kept for five weeks and 
examined weekly. All three eyes showed 
white bands in the vitreous running in and 
anteroposterior direction with whitish ap- 
pearance of the retina. Two of the three 
eyes developed a mild posterior synechia. 
One of them developed a very mild posterior 
subcapsular opacity. At the end of the fifth 
week, all three rabbits were killed. The 
eyes were prepared for histologic examina- 
tion. Microscopic studies conformed the 
clinical findings—mild to moderate cyclitic 
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membrane and mild disintegration of the 
retina in three, posterior synechia in two, 
and posterior subcapsular cataract in one 
eye. 


Comment 


It is evident from the data that single 
intravenous injections of pyrimethamine, 
regardless of dose, did not penetrate either 
into the aqueous humor or into the vitreous 
humor of normal rabbit eyes, despite the 
acute rise in blood level following the in- 
jection. However, a small amount of pyri- 
methamine was detected in the aqueous of 
the eyes which were previously burned with 
hydrochloric acid and also in the secondary 
aqueous humor in double-tap studies. In 
any case, there was no evidence of penetra- 
tion of the drug into the vitreous humor. 

Pyrimethamine appeared to be present in 
appreciable concentration in the uveal tissues 
of normal rabbits after the injection of 2 
mg. per kilogram of body weight. In the 
studies of the uveal concentration of the 
drug it is fair to assume that the uveal 
contents were somewhat diluted while the 
assay was proceeding, since 3 cc. of 0.1 
N acetic acid was added to every 1 gm. of 
wet uveal tissues in the extraction. There- 
fore, it would appear that a single intra- 
venous injection of 2 mg. per kilogram of 
body weight might produce adequate thera- 
peutic concentration of pyrimethamine in 
the uveal tissues for two hours, and more 
likely so in uveitis. However, a satisfactory 
therapeutic level against ocular toxoplasmo- 
sis has not been established as yet. Such a 
level will depend largely on the sensitivity 
to pyrimethamine in vivo of the strain of 
the Toxoplasma and on the pathogenicity of 
the lesion in the eye. The present study 
simply indicates the concentrations that can 
be obtained in the uveal tissues and aqueous 
humor of normal rabbit eyes. 

The data given here have shown that a 
single subconjunctival injection of 0.05 mg. 
in 0.5 cc. penetrated into the aqueous humor 
easily, raising the level up to more than 
Sug. per cubic centimeter for an hour. At 
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the same time, the drug did not enter the 
vitreous humor. Although prolonged con- 
tinuation of subconjunctival injection pro- 
duced no apparent clinical side-effects, 
histologic examination revealed the presence 
of subclinical uveitis. 

Smith ° reported that, although the strains 
(T. gondii) used were highly sensitive to 
pyrimethamine, the drug did not modify 
experimental toxoplasmic choroiditis in ani- 
mals and that attempts to increase the local 
concentration by subconjunctival injection 
led to cataracts. The data obtained from 
the tolerance studies revealed that 2 of 13 
eyes carefully studied developed cataract. 
Those eyes that received an intravitreal in- 
jection of 0.5 to 5 mg. of pyrimethamine 
in 0.5 cc. showed clinically a marked ir- 
ritative reaction and histologically a heavy 
cyclitic membrane and a detached disinte- 
grated retina. It is reasonable to assume, 
therefore, that the cataract formation is part 
of the total destructive effects of massive 
doses of topically applied pyrimethamine 
and does not reflect the specific action of 
the drug. Indeed, it is conceivable that the 
cataract may be secondary to the uveitis, 
which may be induced either by the chemical 
irritation of pyrimethamine or by the toxic 
effect of the products of the offending or- 
ganism. 


In any case, the subconjunctival injection 
of 0.05 mg. of pyrimethamine in 0.5 cc. 
did not produce a cataract. 


Summary 

Intraocular penetration of pyrimethamine 
(Daraprim) in the rabbit eye was studied 
by paper-disc-assay method, with use of 
Streptococcus faecalis as an indicator. 

With a single intravenous injection of 
pyrimethamine a prompt satisfactory blood 
level was obtained within 15 minutes and 
this level acutely fell off in less than 2 hours. 

Regardless of the single dose given, no 
pyrimethamine was detected in the aqueous 
humor and vitreous humor of normal rabbit 
eyes, but a trace of pyrimethamine was de- 
tected in the secondary aqueous humor and 
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in the aqueous humor of chemically in- 
flamed rabbit eyes. 


A dose of 2 mg. per kilogram of body 
weight gave an appreciable level of pyri- 
methamine in the uveal tract within 30 
minutes, and this level was maintained more 
than 120 minutes after the injection. 

A single subconjunctival injection of pyr- 
imethamine solution, containing 0.05 mg. 
in 0.5 cc., readily penetrated into the aqueous 
humor but not into the vitreous humor of 
normal rabbit eyes. 

A single retrobulbar injection of pyri- 
methamine solution, containing 0.1 mg. in 1 
cec., did not penetrate into the aqueous hu- 
mor and vitreous humor of normal rabbit 
eyes. 

Six milligrams of pyrimethamine per 
kilogram of body weight was the maximum 
safety dose in the rabbits when it was given 
intravenously as a single dose. 

Prolonged subconjunctival injection ther- 
apy with pyrimethamine solution containing 
0.05 mg. in 0.5 cc. produced subclinical 
uveitis but did not cause cataract. 


A single intravitreal injection of pyri- 
methamine solution, 0.5 to 5 mg. in 0.5 
cc., caused posterior subcapsular cataract in 
two of six eyes treated. All six eyes so 
treated suffered severe endophthalmitis. 


Dr. Theodore W. Sery gave advice in the bio- 
assay method, and Mrs. Maria Patti Notaro, H. T., 
prepared the pathologic slides. 


Wills Eye Hospital, 1601 Spring Garden St. (30). 
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Visual Functions in Patients with Retinal Pigmentary 
Degeneration Following the Use of NP 207 


HERMANN M. BURIAN, M.D., lowa City, and MARY C. FLETCHER, M.D., Houston, Texas 


Introduction 


During the year 1956 there appeared 
in the ophthalmic literature two reports 
concerned with toxic effects produced upon 
the retina by a new drug belonging to the 
group of so-called tranquilizers (Verrey,' 
Goar and Fletcher?). The new drug, 
3-chloro-10-[2-N-(methylpiperidyl)e t h y 1} 
phenothiazine, designated by its producer, 
Sandoz Pharmaceutical, as NP 207, was 
developed in an effort to reduce the systemic 
effects of chlorpromazine hydrochloride. 
This goal was, indeed, achieved, and the 
tranquilizing effect of NP 207 proved to be 
as good as, or better than, that of chlor- 
promazine, from which it was derived. 
However, it soon appeared that NP 207 
caused very undesirable visual disturbances. 
Subjectively they expressed themselves in 
a more or less severe impairment of dark 
adaptation and in a loss of visual acuity. 
Objectively one found in the early stages a 
hyperemia of the disc and some edema of 
the retina and in the later stages more or 
less severe pigment disturbances of the 
retina. The appearance of the pigment 
varied; one rather characteristic and un- 
usual form was the distribution of the 
pigment in large homogeneous sheets with 
scalloped edges toward the periphery. 
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It must be assumed that the dosage of the 
drug played a considerable role in the pro- 
duction of the retinal disturbances, since 
some observers reported these disturbances 
in a rather high percentage of the cases, 
whereas others did not observe them at all 
(Rintelen,> Heim,* Rucker’). The dif- 
ference could be traced to the difference in 
the dosages employed. There may be also 
individual differences in sensitivity to the 
drug (Wagner *), and there are undoubt- 
edly species differences. No retinal dis- 
turbances were seen when the drug was 
tested in animals prior to its use in humans, 
and experiments specifically directed toward 
the production of retinal pigmentary 
changes in rabbits, dogs, and rats were un- 
successful (Wagner *). 

We had the opportunity of studying the 
retinal functions in two of the patients 
from the series of Goar and Fletcher. This 


paper is a report on the findings in that 
study. 


Clinical Reports 

Case 1.—A 19-year-old white woman was 
admitted to the hospital with an acute de- 
pression following pregnancy. She had been 
given chlorpromazine, without benefit, prior 
to her treatment with NP 207. From June 
3, 1955, the patient received NP 207 over 
a period of six and a half weeks, the total 
dose being 42,300 mg. She was given as 
much as 2800 mg. daily for a period of six 
days. When first seen by one of us 
(M. C. F.), on July 15, 1955, the patient 
had no ocular complaints. The vision with- 
out correction was 20/30 in each eye, and 
no abnormality was found in a complete 
ophthalmologic examination. On July 26, 
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1955, the patient reported rapid loss of 
vision during the previous week; the visual 
acuity was 20/100 in the right eye and 
20/200 in the left. The discs were injected, 
and there was retinal edema. In the far 
periphery of the retina of the right eye 
there was fine pigmentation in the lower 
temporal area. The visual fields showed a 
general constriction of 10 to 20 degrees 
in each eye. The ophthalmologic staff of 
the hospital made at that time a diagnosis 
of hysterical blindness. On Aug. 2, 1955, 
there was no change in the appearance of 
the fundi, but on Aug. 29 both retinas pre- 
sented definite abnormal pigmentation and 
a toxic retinitis was diagnosed. 


From that period on there was slow and 
steady recovery over the following six 
months. The last complete ophthalmologic 
examination was made on July 25, 1957, at 
which time the uncorrected vision was 20/60 
in each eye. The muscle balance was within 
normal limits; the eyes were white and 
quiet, and the media were clear. The fundus 
examination revealed in both eyes a slight 
injection of the discs. The blood vessels 
were normal in size and distribution, but 
there were numerous small capillaries in the 
periphery. The most outstanding abnor- 
mality was the presence of large sheets of 
pigment in the retinas. Some abnormal 
pigment formations resembling spiderwebs 
had appeared since her previous examina- 
tion. These somewhat resembled the bone 
corpuscle formation seen in retinitis pig- 
mentosa. The testing of the visual functions 
reported in this paper was done in October, 
1957. 

It is of interest to note that this patient, 
along with all the other patients treated with 
NP 207, obtained rapid improvement of 
her mental symptoms. She has had no re- 
currence of her depression, despite a second 
pregnancy. 

CasE 2.—A 3l-year-old Negro woman 
was admitted to the hospital with schizo- 
phrenia. This was her first attack. She, 
likewise, had been treated with chlor- 
promazine, without benefit. Her NP 207 
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treatment was begun on June 14, 1955, and 
continued over a period of nine weeks. The 
total dose given was 45,900 mg. She was 
first seen by one of us (M. C. F.) on Aug. 
29, 1955. At that time she complained of 
blurring of vision of one week’s duration. 
Inspection revealed a rather staring gaze 
with exotropia. The pupils were partially 
dilated but reacted normally. Fixation was 
poor in both eyes, and the uncorrected 
visual acuity was 20/200 in each eye. The 
media were clear. The fundi presented an 
increased redness of both discs and an 
amorphous pigmentation throughout the 
midzone and far periphery of both retinas. 
There was no involvement of the peri- 
papillary area or of the maculas. On Sept. 
7, 1958, the patient had her greatest visual 
loss, the acuity on the right being reduced 
to hand movements, on the left to 20/300. 
During the ensuing months there was a slow 
recovery of vision. When seen on Feb. 1, 
1958, two and a half years after the original 
illness, the patient had 20/200 vision in each 
eye and read Jaeger 4 with the right eye 
and Jaeger 7 with the left. 

The studies of the visual functions were 
performed in March, 1958. At that time it 
was noted that the discs had good color 
and that the retinal vessels were normal in 
size. Immediately surrounding the disc and 
throughout the entire region of the posterior 
pole the retina had a grayish, almost slate- 
like, metallic appearance which formed the 
background for innumerable fine pigment 
spots. Here and there small round or slit- 
like openings appeared in this background 
which had the red color of choroidal vessels. 
The macula was occupied by the slate-like 
color, but the fovea was seen as a reddish 
round area containing golden-yellowish 
glistening spots. At the edge of the slate- 
gray area there was some relatively normal- 
looking retina, but there were a number of 
tongue-like protrusions of brownish sheet- 
like pigment, especially in the upper and 
temporal region. Temporally and temporally 
below, the pigment had a spiderweb shape 
and there and in the lower part of the 
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retinas resembled somewhat the pigment 
seen in retinitis pigmentosa. 

The patient has not had a recurrence of 
her schizophrenia and is now working. 

In addition to the findings in these two 
patients we shall refer in this paper for 
purposes of comparison to a normal subject 
and a patient with retinitis pigmentosa. 

The normal subject was a 21-year-old 
white male student whose vision was 6/4.5 
in each eye without correction of his in- 
significant refractive error. Slit-lamp and 
ophthalmoscopic examinations revealed no 
pathologic changes of any kind. 

The patient with retinitis pigmentosa was 
a 27-year-old married white social worker 
who had known for the past 10 years that 
she had night blindness. With correction 
for her myopic astigmatism the patient had 
a vision of 6/6-3 in the right eye and 6/6-1 
in the left. The anterior segment showed 
no abnormalities, and the lenses were clear. 
She had waxy-appearing discs, thread-like 
retinal arterioles, and some scattered pig- 
ment typical of retinitis pigmentosa, though 


in moderate quantity, in the midperiphery 


of both retinas. She had a bilateral hear- 
ing loss due to congenital nerve deafness 
but otherwise was found to have no anom- 
alies in neurologic and general medical ex- 
aminations. 


General Procedure 


The NP 207 cases came from Houston 
to Iowa City and were hospitalized. They 
were not using any medication and were 
kept on general diet. All visual tests were 
done after maximal dilation of the patients’ 
pupils with 2 to 3 drops of a 0.5% cyclo- 
pentolate (Cyclogyl) hydrochloride solution. 
The tests consisted of repeated examinations 
of the visual fields, the dark adaptation, and 
the electric responses of the retinas to 
photic stimulation. Because of the restricted 
time during which the patients were avail- 
able, a large number of tests had to be per- 
formed in the course of a day, but it was 
attempted to give the patients adequate rest 
periods between tests. 
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The normal observer and the patient with 
retinitis pigmentosa were examined on an 
outpatient basis. The tests were not given 
to these subjects in as concentrated a 
fashion as they had to be given to the NP 
207 patients. 


Perimetric Studies 


In addition to routine Bjerrum screen 
tests (1/1200, 3/1200 and 5/1200 test ob- 
jects) a series of tests with the Goldmann 
perimeter were conducted. Two object sizes 
(64 sq. mm. and 1 sq. mm.), two relative 
intensities (1.00 and 0.96), and three colors 
(white, red, blue) were employed. The re- 
sults of the tests were essentially the same 
for both eyes of the NP 207 patients. To 
avoid repetition we shall only present the 
findings on the left eye in Case 2 (Fig. 1). 

With the white 64 sq. mm. object and a 
relative intensity of 1.00 an outer isopter 
was obtained. When the relative intensity 
was reduced to 0.096 a peripheral ring, a 
central island, and some scattered islands 
of responsive retina were found. With use 
of the 1 sq. mm. white object and relative 
intensity 1.00 the peripheral ring disinte- 
grated into a nasal and temporal crescent. 
Only a minimal central crescent and two 
peripheral spots remained in the field when 
the white 1'sq. mm. object of relative in- 
tensity of 0.096 was employed as target. 

The red test object of 64 sq. mm. and 
1.00 relative intensity yielded two peripheral 
crescents and a central island, whereas only 
a small paracentral crescentic island was 
left when the relative intensity was reduced 
to 0.096. The red object of 1 sq. mm. was 
not perceived, regardless of the relative in- 
tensity. 

Using the blue test object, a field could 
be obtained only with the 64 sq. mm. object 
at the relative intensity of 1.00. This again 
gave peripheral crescents and central and 
peripheral islands. 

For purposes of comparison with the re- 
sults obtained in Case 2, the field charts 
of the right eye of the patient with retinitis 
pigmentosa are reproduced in Figure 2. 
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Rel. int.,LOO 


** W. Obj.,64mm* 
Rel. int,,0.096 


Obj.,1mm? 
Rel.int.,0.096 


“Red Obj.,64 mm* 
Rel. int.,0.096 


Blue Obj.,64mm? 
Rel. int., 1.00 


Fig. 1—Visual field charts of left eye of NP 207 patient, Case 2, obtained with the Gold- 


mann perimeter. 


The same objects, relative intensities, and 
colors were employed in the two patients. 
It is evident from the charts that the re- 
duction either in size or in relative intensity 
of the objects resulted in a pronounced 
concentric restriction of the perimetric 
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fields, which were abnormal even in the 
outer isopters. 

The alterations of the visual fields both in 
Case 2 and in the patient with retinitis pig- 
mentosa demonstrate a severe affection of 
the rods as well as of the cones. The af- 
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Fig. 2.—Visual field charts of right eye of patient wi 
the Goldmann perimeter. Note that no field could be obtained with the 1 sq. mm. blue object. 
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fection of the rod function was even greater 
than that of the cone function, as evidenced 
by the greater loss of field with blue targets. 
The two patients differed in their response 
insofar as there was a uniform loss in the 
patient with retinitis pigmentosa, whereas 
in Case 2 the loss was spottier: Peripheral 
crescents and scattered islands of higher 
retinal sensitivity were preserved in the sea 
of deeply depressed retinal responsiveness. 


Adaptometric Studies 


Perimetric studies are not fully adequate 
to give a picture of the relative involvement 
of the rod and cone function in a disease 
process (Sloan*). We have, therefore, sub- 
jected the patients to adaptometric tests in 
which we aimed more especially at a dif- 
ferentiation of these functions. Restriction 
in the time during which the NP 207 pa- 
tients were available to us made it impos- 
sible to carry out as many different tests as 
we would have wished. However, each of 
the results presented here is based on at 
least three or four repeat examinations. 
The tests showed a remarkable consistency, 
in spite of the fact that they represented 
subjective judgments, which are difficult at 
best and all the more so when they are re- 
quired of untrained observers and in the 
presence of abnormalities of the retinas. 
One might also be tempted to question the 


reliability of the NP 207 patients in view 
of their history. It must be pointed out that 
these patients proved actually to be most 
willing and cooperative. The patient with 
retinitis pigmentosa was exceptionally in- 
telligent and had a keen interest in the 
study. The normal observer—one of a 
larger group under study—was a student 
of superior intelligence. 

1. Technique and Procedure——tin all 
dark-adaptation tests the Goldmann-Weekers 
adaptometer was employed. All patients 
were tested after the pupils had been 
maximally dilated with 2 or 3 drops of a 
0.5% cyclopentolate solution given at an 
interval of three minutes. Before every 
single test the eye, or eyes, were preadapted 
for a period of five minutes to a brightness 
level of 3000 lux. The test light was always 
set for a maximum brightness of 6 lux. 


In all patients two greups of tests were 
performed. The first group aimed at estab- 
lishing the basic dark-adaptation curve. 
This was obtained from the two eyes simul- 
taneously and using a uniform ground glass 
test plate 11 degrees in size, the center of 
which was located 11 degrees above the 
fovea. 

In the second group of tests, which aimed 
more specifically at a differentiation of the 
rod and cone function, certain modifica- 
tions in the adaptometer were made. The 
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Fig. 3. — Characteristics of 
filters used in the adaptometric 
and electroretinographic _ tests. 
Curve 1, Schott BG 12; Curve 
2, Wratten No. 22. These two 


filters were used in connection 
with the Goldmann-Weekers 
adaptometer. Curves 3, 4, and 5, 
blue, amber, and red filter used 


Percent Transmission 


in connection with the Grass 
Photo-Stimulator. Curve A, 
spectral energy distribution of 


the gas-discharge tube of the 
Photo-Stimulator. Note that 
Curves 3, 4, and 5 are not cor- 
rected for Curve A. 


Wovelength in mys 
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test plate used was either a ground glass 
plate 5% degrees in size or else the ground 
glass was replaced by an orange filter 
(Wratten 22) or a blue filter (Schott BG 
12). The transmission curves of the filters 
are shown in Figure 3. The test field was 
fixated centrally by means of a small red 
light, the intensity of which could be ad- 
justed by a rheostat. Following a suggestion 
by Gunkel,® the light was attached to an 
arm which was so curved as to correspond 
to the inner curvature of the bowl of the 
adaptometer. The position of this arm 
could be changed in the horizontal meridian 
by a knob on the outside of the top of the 
bowl. A rigidly connected pointer indicated 
on a scale the position of the fixation light 
in degrees from the center of the test’ field. 
In the study of the so-called “retinal pro- 
files” the patient was instructed to turn his 
eye—but not his head, which was kept 
fixed—in such a manner as to fixate steadily 
the fixation light at whatever position it was 
placed. In this fashion retinal areas whose 
center was up to 50 degrees nasally or 
temporally from the fovea could be in- 
vestigated with ease. 

2. Results—(a) Basic Dark-Adaptation 
Curves: In Figure 4 the basic dark-adapta- 
tion curves of the normal observer, the 
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patient with retinitis pigmentosa, and the 
two NP 207 patients are reproduced. 

The dark-adaptation curve of the normal 
observer clearly shows the duplex nature of 
the dark-adaptation process. In the first 
five and one-half minutes there is a rapid 
increase in retinal sensitivity, corresponding 
to the cone phase of dark adaptation. After 
this period there occurs a second much 
slower increase in retinal sensitivity, which 
represents the rod adaptation. Eventually 
a rod threshold is attained which indicates 
in this observer an increase in rod sensi- 
tivity of 510° after 45 minutes of dark 
adaptation, 

The dark-adaptation curve of the patient 
with retinitis pigmentosa differs greatly 
from that of the normal observer. It is 
immediately evident that there is no duplex 
curve. The retinal sensitivity increases from 
the beginning of dark adaptation, though 
nowhere as fast as in the normal observer. 
After four minutes the sensitivity has in- 
creased only 20 times. After the 10th 
minute there is another very slight down- 
ward trend, and at 45 minutes the retinal 
sensitivity shows a total increase of only 
about 75 times. This behavior of the dark- 
adaptation curve of the patient with retinitis 
pigmentosa clearly establishes that there is 


45 50 55 60 
a . 10 15 20 25 30 35 40 
~ 
1 Retinitis 
NP 207, case 2 
=3 + NP 207, cose I 
N 
5 
Routine Dark Adaptation Test 
fe) 10 15 20 25 30 35 40 45 50 55 60 
Minutes 


Fig. 4—Routine dark-adaptation curves obtained with the Goldmann-Weekers adaptometer 
(field size 11 degrees, located 11 degrees above fovea). Note that in the first 15 minutes of 
dark adaptation the threshold is higher in the NP 207 patients than in the patient with 
retinitis pigmentosa, that the curves cross at about 15 minutes, and that the threshold at 
45 minutes is 1 to 1.2 log units lower in the NP 207 patients. These patients are worse off 
than the pigmentosa patient in the first 15 minutes, better off in the subsequent dark adaptation. 
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considerable damage to the cone system. 
The rod function is for all practical pur- 
poses absent. 


The most striking feature of the dark- 
adaptation curves of the NP 207 patients 
is the enormous delay of the adaptation 
process. Adaptation does not set in im- 
mediately, but after a lapse of one-half to 
one minute. By the 10th minute the retinal 
sensitivity has increased only 9 to 10 times 
(as compared with an increase of 6X 10* 
in the normal observer). In Case 2 the 
curve is represented virtually by a straight 
line, up to the 16th minute, after which time 
it remains on a constant level until around 
the 25th minute, when another rather con- 
siderable drop occurs, with a leveling off 
around the 40th minute. Except for a short 
plateau between the fifth and the eighth 
minute the dark-adaptation curve of Case 1 
also approximates a straight line up to the 
25th minute. Then another drop occurs 
with a leveling off at the 40th minute at a 
somewhat lower threshold than in Case 2. 

(b) Special 
Inspection of the 
curves 


Dark-Adaptation Studies: 
basic dark-adaptation 
would seem to indicate that the 
damage to the cone system is even severer 
in the NP 207 patients than in the patient 
with retinitis pigmentosa. At least it can 
be said that the cone threshold in these pa- 
tients reaches that of the pigmentosa patient 
with a delay of 10 minutes. With regard 
to rod adaptation the NP 207 patients ap- 
pear to be considerably better off. How- 
ever, one can not be sure of these 
conclusions, since the thresholds, in absolute 
terms, are high and lie at or above the cone 
threshold of normal observers. 


We have, therefore, attempted a further 
differentiation of the rod and cone functions 
by means of special dark-adaptation tests. 

(b') Dark-adaptation curves with colored 


lights. Wald® and Zeavin and Wald’ 
suggested the use of colored lights as a 
refinement of the technique of adaptometry. 
Orange light stimulates primarily the cones, 
and blue light, primarily the rods. When 
appropriate filters are used, the cone and 
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rod adaptation curves can be separately re- 
corded. This is especially important for the 
early part of the dark-adaptation curve. 
When white light is employed as a stimulus, 
the lower threshold of the cones makes it 
impossible to detect the threshold of the 
rods during the period of cone adaptation. 
When a blue filter is used, the rod thresholds 
can be traced. Accordingly, when eyes are 
tested successively with light obtained by 
the use of orange and blue filters, one finds 
that in the first few minutes of dark adapta- 
tion the cone threshold is lower than that of 
the rods. At about eight minutes the two 
curves intersect and the rod threshold be- 
comes increasingly lower than the cone 
threshold. This is clearly shown in Figure 
5 in the curves obtained from our normal 
observers. 

In these tests the observers were fixating 
centrally the white, orange, or blue discs. 
Each test was completed from beginning to 
end with one of the three colors and re- 
peated with a different color on another 
occasion. 

A glance at Figure 5 demonstrates the 
difference between the normal observer and 
the patient with retinitis pigmentosa. In 
the latter patient not only is there a delay 
in the onset of the curve when the blue filter 
is used but there is no intersection of the 
rod curve with the cone curve. The rod 
threshold is at all times higher than the cone 
threshold. How severe the damage to the 
rod mechanism is can be seen from the fact 
that in this patient the final rod threshold 
shows that there was an increase in sensi- 
tivity of only 80 times, whereas in the 
normal observer this increase was 10,000- 
fold. For comparison, the cone threshold 
of the patient with retinitis pigmentosa in- 
dicated a 400-fold increase in sensitivity, 
whereas it was 6000-fold in the normal ob- 
server. 

The curves obtained by the same method 
from the NP 207 patients are especially 
interesting (Fig. 5). The tremendous delay 
in the dark-adaptation curve, alluded to be- 
fore, becomes particularly evident. The rod 
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Fig. 5.—Dark-adaptation curves using a centrally fixated field of 514 degrees. W22, orange 


filter; BG 12, blue filter. In the normal observ 


er the curve obtained with blue light (rod 


stimulation) is higher than that obtained with orange light (cone stimulation) in the first seven 
minutes of dark adaptation, after which the two curves cross and the blue threshold becomes 
lower than the orange threshold. In the pigmentosa patient the blue (rod) curve never inter- 
sects the cone curve. Note in the NP 207 patients the slow cone adaptation (W22) and the 
enormously delayed rod adaptation (BG 12), but note also that there is eventually (though only 
after about 35 minutes) a crossing of the curves for blue and orange light. 


curve (blue filter, BG 12) does not begin 
at all for 12 to 14 minutes. Only after this 
long time interval could a rod threshold be 
registered. From then on it increased very 
slowly but rather steadily (especially in 
Case 2). There was a slight break evident 
around 30 to 35 minutes of dark adaptation. 
And it was only at this point that the rod 


620 


curve crossed the cone curve so that the 
final thresholds were arranged in the same 
order as in the normal observer: orange 
highest, blue next, and finally white. To be 
sure, these final thresholds are very much 
higher than in the normal observer, in- 
dicating the severe damage which both cone 
and rod systems had sustained. It is worth 
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Fig. 6.—Retinal threshold profiles in the horizontal meridian. W22, orange filter; BG 12; 


blue filter. Note the inversion of the relation of 
mentosa patient and the NP 207 patient, Case 2, 


central and peripheral thresholds in the pig- 
in comparison with the normal observer. In 


the pigmentosa patient the blue rod thresholds could not be obtained at all beyond 20 to 30 
degrees, and, in contrast to the normal observer, they are higher than the orange (cone) 


thresholds. 


noting that the blue threshold is somewhat 
lower in Case 1 than in Case 2. In Case 1 
the final orange and blue thresholds are 
practically identical. 

(6?) Retinal profiles. Sloan ™ and, some- 
what later, Mandelbaum ™ introduced a new 
technique into the testing of dark adaptation 
by determining the threshold of various 
retinal areas at specified levels of dark 
adaptation. These perimetric dark-adapta- 
tion curves were aptly termed “retinal pro- 
files” by Zeavin and Wald.” The retinal 
profiles of the horizontal meridian of the 
normal fully dark-adapted eye (Fig. 6) are 
characterized by a higher threshold of the 
fovea than of the periphery, a fact in keep- 
ing with the known density of the cone and 
rod population in different parts of the 
retina. When the use of orange and blue 
filters is added, the retinal profiles can be 
further differentiated with regard to the 
cone and rod function. 

All the authors mentioned have made the 
interesting observation that in patients with 
retinitis pigmentosa there was an inversion 
of the retinal profiles such that the threshold 
of the central retinal areas was now lower 
than that of the periphery. This was a con- 
sequence of the relatively greater damage 
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to the rods than to the cones. In absolute 
terms the thresholds of the cones and, 
especially, those of the rods were, of course, 
much higher than in normal observers. 
Figure 6 shows that this held also for our 
patient with retinitis pigmentosa. In addi- 
tion, there was the reversal of the orange 
and blue thresholds, those for blue being 
higher than those for orange. With blue 
stimuli no thresholds could be recorded with 
the method employed by us beyond 20 to 30 
degrees to each side of the fovea in the 
horizontal meridian. 

The NP 207 cases presented a different 
picture. There was a clear-cut inversion of 
the profile in Case 2, just as in retinitis 
pigmentosa, but in absolute terms the 
thresholds were somewhat lower and they 
were nearly identical for orange and blue. 
In Case 1 there was no inversion of the 
profile. In spite of the irregularities of the 
curve due to local variations in retinal 
damage, the foveal thresholds were higher 
than the peripheral ones. The thresholds 
for orange and blue had the same sequence 
as in the normal subject, and the peripheral 
thresholds were somewhat lower than in 
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Electroretinographic Studies 


The visual field studies and the dark- 
adaptation studies in the NP 207 patients 
revealed a severe impairment of the func- 
tion of the rods and cones. It was of 
interest to investigate the electric response 
of their retinas. 

1. Technique and Procedure.—The elec- 
troretinographic technique used at present 
in our laboratory will be described else- 
where in some detail. It will be only briefly 
indicated here. 

Recordings were made with a _four- 
channel Grass Inkwriter and a Dumont 
cathode-ray oscilloscope. The inkwriter 
channel recording the electroretinogram had 
a time constant of 0.54 second; the amplifi- 
cation was set at 40 volts per millimeter, 
and the paper speed during recordings was 
60 mm. per second. The oscilloscopic trac- 
ings were photographed with a Grass 
Kymograph Camera. Paper and film trac- 
ings were coordinated by means of a Time 
Lapse Indicator (Arnott ™*), Photic stimula- 
tion was produced by the gas-discharge tube 
of a Grass Photo-Stimulator. The Photo- 
Stimulator had four intensity steps, desig- 
nated as I,, I4, Is, and Iig. The duration of 
the light stimulus was about 10ysec. The 
front of the housing of the gas-discharge 
tube was located 35 cm. from the patient’s 
eyes and was fitted into the opening of a 
bowl, the inside of which was painted with 
white nonglossy paint. Two 100 watt bulbs 
were so mounted on the bowl as not to shine 
into the patient’s eyes and were used to 
light-adapt them to the light reflected from 
the bowl. 

The Photo-Stimulator could be activated 
either manually or automatically every four 
seconds by means of a Hunter Timer. 

Colored stimuli could be produced by 
the use of filters attached to the front of the 
housing of the gas-discharge tube. The 
filters used in this study were red, amber, 
and blue. Their characteristics are shown 
in Figure 3. 

The Burian-Allen speculum contact lens 
electrode ** was employed as active elec- 
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trode; the inactive electrode consisted of a 
silver cup electrode fastened to the supra- 
orbital region of the eye to be explored. 
Grounding of the patient was provided 
through two electrodes attached to earrings 
and clamped one to each ear lobe. 

The patient was comfortably seated in a 
chair. The pupils had been previously 
dilated as in all other tests. The eye to be 
examined was anesthetized with 2 drops of 
a 0.5% proparacaine (Ophthaine) solution, 
and the electrode was inserted under the 
lids. The other eye was covered with an 
occluder. The patient was then light-adapted 
for five minutes. During the fifth minute 
of light adaptation flashes of Iie were 
started at a rate of one every four seconds 
and continued on during the first one and 
one-half minutes of dark adaptation. In the 
routine tests these were followed by three 
or four flashes at specified intervals, each 
group separated from the other by increa:- 
ingly larger periods of complete darkness. 
Different test conditions were employed in 
special tests. These are indicated in the 
proper place of this paper. 

2. Results—The patient with retinitis 
pigmentosa gave no electric response to 
photic stimulation at any time up to 60 
minutes of dark adaptation and with stimuli 
of any intensity or color. This was to be 
expected. An extinguished electroretino- 
gram is characteristic of retinitis pig- 
mentosa at all stages of development, and 
this feature may serve as an important dif- 
ferential diagnostic sign between retinitis 
pigmentosa and pseudo-retinitis-pigmentosa. 

In the dark-adaptation tests the NP 207 
patients acted in many respects in a way 
which was similar to the behavior of the 
patients with retinitis pigmentosa. One 
might have accordingly anticipated also in 
these patients an extinguished electroretino- 
gram. However, this proved not to be the 
case. An electroretinogram could be elicited 
from either patient, but it was profoundly 
abnormal. 

In Figure 7 six electroretinograms of the 
right eye of Case 1 are reproduced, one 
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Fig. 7.—Electroretinograms obtained from the NP 207 patients during progressive dark 
adaptation with the highest available intensity of white light (is). The ERG’s of Case 1 are 
characterized by a first, sharp positive elevation, followed by a small second positive elevation 
which increases during dark adaptation. The ERG’s of Case 2 show only a negative deflection, 
but in the later stages of dark adaptation the tracing returns relatively quickly to the baseline, 


indicating a slight positive activity. 


Note in both sets of ERG’s that the progressive dark 


adaptation expresses itself in a prolongation of the ERG’s. 


taken during light adaptation and the other 
five taken at various stages of dark adapta- 
tion, using always white light of maximum 
intensity (I;¢). All responses consist of a 
small, sharp rise, followed by a second very 
small positive deflection. During dark adap- 
tation a negative deflection (an a-wave) 
preceding the positive deflections becomes 
increasingly prominent, and one can even- 
tually begin to distinguish two phases of it 
(a, and ag). There is also a slight increase 
in the size of the second positive deflection 
toward the end of dark adaptation. In addi- 
tion, there is a marked change in culmina- 
tion time of the first positive deflection. At 
first it measures about 25 msec. With the 
appearance of the a-wave at five minutes 
of dark adaptation it increases to about 40 
msec., and it increases finally to about 50 
msec. after 35 minutes of dark adaptation. 

We interpret this electroretinogram as 
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representing a more or less pure cone re- 
sponse in the early phases of dark adapta- 
tion. The first positive deflection is a 
so-called x-wave, which is considered to be 
the result of cone activity. In normal ob- 
servers it can be isolated only by special 
means. The x-wave persists in Case 1 
throughout the whole period of dark adapta- 
tion, but the shape of the electroretinogram 
is altered by the addition of some rod 
activity (a2 and the second positive deflec- 
tion, the b-wave). 

To determine further the contribution of 
the rod and cone systems in the electro- 
retinogram of this patient, colored stimuli 
of maximum intensity (Iyg) were also used. 
Figure 8 shows the responses to red, amber, 
and blue stimuli after 15 and 35 minutes 
of dark adaptation, respectively. After 15 
minutes the responses to the three colored 
stimuli show little difference—they repre- 
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Fig. 8. — Electroretinograms 
taken with red, amber, and blue 
filters after 15 minutes of dark 
adaptation and after 35 minutes. 
Note that the ERG’s at 15, and 
the red-filter ERG at 35 min- 
utes, are essentially the same; 
the ERG’s obtained with amber 
and blue filters at 35 minutes are 
larger and show more of a rod 
response. 
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Stimulus 


Blue filter 


B 
Amber filter 
15 min. DA. 


A 


Amber filter Blue filt 
35 min.D.A. 


Red filter 


sent more or less pure cone electroretino- 
grams. After 35 minutes, the red stimulus 
does again not differ in its effectiveness, 
but the amber light, and more particularly 
the blue light, which stimulates primarily 
the rods, demonstrate that the rods are now 
contributing to the recorded response. 
The electroretinograms from the left eye 
of Case 2 (Fig. 7), taken under exactly 
the same conditions as the corresponding 
ones of Case 1, present a different picture. 
Here there is barely an indication of an 
electroretinogram during light adaptation or 
during the initial period of dark adaptation, 
but after five minutes of dark adaptation 
a negative deflection appears, which becomes 
more prominent as dark adaptation pro- 
ceeds. At the same time, an increase in 
duration of the electroretinogram (from 
about 20 msec. to 50 msec.) is evident. This 
type of response is generally designated as 
a “negative” electroretinogram. It will be 
shown elsewhere that this term is not ap- 
propriate when the tracing returns more or 
less immediately to the baseline. For an 


624 


1 sec. 
NP 207, case 1, R.E. 


electroretinogram to be truly “negative” a 
much slower return of the tracing to the 
baseline is required. 

It was decided to investigate what the 
response of Case 2 would be if the patient 
were left for one hour in complete darkness 
before attempting electroretinography. After 
five minutes of light adaptation the patient 
was placed in complete darkness. At 45 
minutes the electrode was inserted under the 
lids in dim red light. This took about one 
and one-half to two minutes. After this 
short interruption, complete dark adaptation 
was continued to the 60th minute. Three 
or four red, amber, blue, and white flashes, 
in this order, were then used for stimula- 
tion, giving the patient a two-minute interval 
of complete darkness between each set of 
flashes. 

The results were instructive (Fig. 9). 
Red light of intensity Ii¢ gave a low, slow 
positive deflection, but no x-wave was 
evident ; amber Ii, a shorter, more complex 
response in which the usual components of 
the electroretinogram could be discerned. 
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70 min. D.A. 
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NP 207, case 2, L.E. 
Fig. 9.—Electroretinograms taken after 60 minutes of uninterrupted dark adaptation (NP 


207 patient, Case 2, left eye). 


Note that there is no x-wave with red lis stimulus, and note 


more particularly the effect of different intensities of white light (no filter) on size and shape 
of the ERG: With lower intensities the total positive deflection is higher than with higher 
intensities. With le the ERG is essentially the same as it was after 35 minutes of dark adapta- 


tion (cf. Fig. 8). 


Blue at I, yielded what may be considered 
as a pure rod electroretinogram made up of 
a small ag-wave and a relatively large b- 
wave. The a-wave was larger and the 
elevation of the b-wave above the baseline 
was lower when blue I,g was used as a 
stimulus. Most interesting was the effect 
of varying intensities of white stimuli. The 
lowest intensity (I,) gave an electroretino- 
gram which was composed of an a-wave 
and a relatively sizable b-wave (100,volts). 
With I, the a-wave was greater and the b- 
wave was slightly smaller, and its elevation 
above the baseline was lower; with Iie 
measured about 8Opvolts. Clearly, with 
lower intensities we were able to demon- 
there was no b-wave, but the a);-wave 
strate rod activity; with high intensities it 
was overwhelmed by the cone activity. The 
electroretinograms obtained with Ii, at 72 
minutes of dark adaptation were indis- 
tinguishable from the one obtained at 35 
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minutes. 


However, at that earlier period 
of dark adaptation the use of intensity I, 
did not have the effect of demonstrating rod 
activity as it did at 72 minutes. 

While the electroretinogram of Case 2 
showed thus the presence of both cone and 
rod function, neither could be called in any 


sense normal. Purely for purposes of com- 
parison, the electroretinograms obtained 
from the right eye of our normal observer 
are illustrated in Figure 10. The procedure 
was comparable to the one used with Case 
2. Note that with white stimuli of I, the 
positive deflection measured about 480,- 
volts; with as much as 600pvolts. At- 
tention is also called to the x- and b-waves, 
prominent with red Is (200 and 280,volts, 
respectively) and red Ig (265 and 350p- 
volts, respectively). 

In Case 1 the “central transmission time” 
was determined for us by our colleague, 
Dr. G. K. von Noorden. This time was ob- 


625 


A, M. A. ARCHIVES OF OPHTHALMOLOGY 


Ig 
Red filter 
45 min. DA. 


Amber filter 
48 min. DA. 


Ig lig Ig 
Blue filter No filter 
52 min. Tees. 57 min. 
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Fig. 10.—Electroretinograms of normal observer taken after 45 minutes of dark adaptation, 
reproduced for comparison as to size and shape with those from NP 207 patient, Case 2 


(Fig. 9). 


tained by registering simultaneously retinal 
responses and cortical responses through the 
intact skull by driving the cortical rhythm 
with 7 and 12 eps, after dark-adapting the 
patient for ten minutes. The “central trans- 
mission time’’ was determined by measuring 
the time elapsed from the peak of the b- 
wave to the peak of the corresponding 
cortical response. While this does not by 
any means represent the true central trans- 
mission time, it is a handy method of com- 
paring normal and abnormal persons. In 
Case 1 twenty-three measurements of the 
“central transmission time” were taken 
stimulating the right eye. The arithmetical 
mean of these measurements was 120.2 
msec. This was 28.1 msec. longer than the 
normal mean value of 92.1 msec., deter- 
mined previously on a series of normal 
subjects. The patient’s a-rhythm was 10 
cps, with great regularity. 


Comment 


All the studies made on the NP 207 
patients indicated damage to the rod and 
cone systems of their retinas. We could 
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examine only two patients in whom this 
damage was very severe. It would have 
been most helpful to have had for compari- 
son also patients with less severe damage, 
but unfortunately none could be persuaded 
to give the time to come to Iowa City. 

The relative damage to cone and rod 
function has been discussed in the section 
dealing with the adaptometric studies. It 
remains now to say a few words concerning 
the electroretinographic investigations. 

In retinitis pigmentosa the electroretino- 
gram is extinguished even in the early 
stages of the disease. This is the experience 
reported by all electroretinographic labora- 
tories, although one hears of occasional cases 
in whom a subnormal electroretinogram 
could be obtained. Certainly in the patient 
used as an example in this paper no electro- 
retinogram could be recorded, in spite of - 
the fact that her photopic visual acuity was 
for all practical purposes 6/6 in each eye. 
In contrast to this, the NP 207 patients 
did exhibit an electric response, though a 
very abnormal one, In fact, we were even 
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able to record an electroretinogram from 
one NP 207 patient during light adaptation. 

It cannot very well be assumed, there- 
fore, that the extinguished electroretinogram 
in the pigmentosa patient was due solely 
to the lack of sensitivity of our recording 
equipment, although it is well known that 
the electrical threshold is many times higher 
than the psychophysical threshold. 

Noell © suggested that, since there is a 
generalized elimination or marked general- 
ized reduction of rod function in retinitis 
pigmentosa, the remaining cones might be 
too widely spread to respond to photic 
stimulation with an electric reaction which 
depends upon current flow across the 
retina. The electrical reactions are, as it 
were, shunted by the inexcitable or de- 
generated rods. 

Riggs ' also thinks in terms of a shunt- 
ing or short-circuiting of the potentials 
arising in the retina, which consequently 
cannot be recorded from the remote leads 
on the eye. This short-circuiting would be 
brought about by widespread perforations 
of the retina. Although experiments on 
rabbits did not fully bear out this hypoth- 
esis, Riggs, nevertheless, considered that 
retinitis pigmentosa caused a specific block- 
ing of the electroretinogram. 

Such a specific blocking was not present 
in our two NP 207 cases, but the abnormali- 
ties found in these patients resembled ab- 
normalities of the electroretinogram reported 
in other conditions. 

A small, fast positive deflection preceding 
the b-wave was first demonstrated by 
Motokawa and Mita ™* and was later studied 
more intensively by Adrian.’*?* It is con- 
sidered to represent part of the “photopic” 
response. However, Armington *° believes 
the x-wave to be a specific red response 
rather than a simple photopic response. 
Schubert and Bornschein,?! and __ later 
Armington and Schwab,?* demonstrated the 
absence of the x-wave in protanopia, and 
Vukovich 78 and Francois, Verriest, and De 
Rouck,™ in achromatopsia. contradistinc- 
tion to protanopia, the x-wave was normal 
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in congenital hemeralopia (Schubert and 
Bornschein *! and others) and in Oguchi’s 
disease (Francois et al.**), but the b-wave 
was absent. In normal subjects the b-wave, 
the scotopic component of the electroretino- 
gram, increases during dark adaptation and 
can be isolated by blue light. 

Our Case 1 presented characteristics 
similar to those of patients with congenital 
hemeralopia: An x-wave was present; the 
b-wave was generally absent. However, 
after prolonged dark adaptation a trace of 
a b-wave could be demonstrated with orange 
and blue stimuli. 

Case 2 did not show an x-wave but 
showed only a negative deflection. After 


one hour of dark adaptation intense red 
stimuli elicited a response without x-wave 
and blue and white stimuli were capable of 
eliciting a b-wave of moderate amplitude. 


Our interpretation of the electroretino- 
gram of the NP 207 Case 1 as consisting 
essentially of an x-wave may be questioned. 
However, the amplitude of the first posi- 
tive elevation in these electroretinograms 
remained virtually unchanged throughout 
dark adaptation. Any changes which the 
electroretinograms of this patient under- 
went in the later stages of dark adaptation, 
and through stimulation with blue light, 
concerned primarily the second positive 
elevation, traces of which could be dis- 
cerned in all electroretinograms of this 
patient. We would suggest that the electro- 
retinograms of the patients with congenital 
hemeralopia, published by Riggs !* (espe- 
cially those of his Subject F, which are 
similar to those of our Case 1), are 
also essentially x-wave electroretinograms. 
Readers interested in the isolation of the 
X-wave may consult the excellent study of 
Henkes *> concerning this subject. 

In the absence of pathologic and_bio- 
chemical evidence one can only speculate 
about the nature of the damage induced in 
the retinas by the ingestion of NP 207. 
Zeavin and Wald have presented an in- 
teresting hypothesis to explain the failure 
of the rod system in retinitis pigmentosa. 
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They suggest that the cis-isomer of vitamin 
A, neo-b vitamin A, required for the syn- 
thesis of visual pigments, may not be 
present in the retina in sufficient quantity. 
What little supply there is is quickly ex- 
hausted by the cones, whose specific protein, 
the cone opsin, unites with enormously 
greater speed with neo-b retinene (the alde- 
hyde of neo-b vitamin A) than does rod 
opsin. Thus, no neo-b retinene may remain 
available to the rods, and their opsin cannot 
form rhodopsin, with a resulting eventual 
deterioration of the opsin itself and, with it, 
of the structure of the outer segments of 
the rods. 

It is unlikely that this explanation ap- 
plies also to the NP 207 patients. The 
tremendous delay in dark adaptation, both 
of the cone and of the rod system, would 
speak for an inadequate utilization rather 
than for inadequate supply of neo-b vitamin 
A. It is tempting to speculate that in the 
NP 207 patients there is a primary damage 
to the opsins rather than to the supply of 
vitamin A. 

The impossibility to produce pigmentary 
or other retinal changes in experimental 
animals has been a deterrent to electro- 
physiologic studies of animals treated with 
NP 207. One should, nevertheless, consider 
the carrying out of such studies, since it is 
well known that abnormal electroretino- 
grams may be found in the presence of 
normal-appearing fundi and that abnormal 
electroretinograms may be registered before 
anatomic changes in the retinas are ob- 


served. Should abnormal electroretinograms . 


be encountered in NP 207-treated animals, 
it might be worth while considering further 
experimental inquiries into the mechanism 
of the effect of NP 207 on the retina. 


Summary 
The retinal function of two patients with 
retinal pigmentary disturbance due to the 
therapeutic use of NP 207 was investigated 
with perimetric, adaptometric, and electro- 
retinographic methods. 
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The result of these studies showed that 
these patients had suffered severe damage 
to both their cone and their rod system. 


Their dark adaptation was extremely de- 
layed, and the final thresholds were very 
high. However, in comparison with a pa- 
tient with retinitis pigmentosa their rod 
system was relatively less affected. 

In contradistinction to a patient with 
retinitis pigmentosa, the electroretinogram 
was not found to be extinguished. In one 
patient the electroretinogram consisted es- 
sentially of an x-wave. In the second patient 
the electroretinogram showed only a small 
negative deflection. However, after 60 
minutes of uninterrupted dark adaptation 
an a- and b-wave could be elicited. Intensive 
red flashes did not produce the appearance 
of an x-wave. 


University Hospitals (Dr. Burian). 
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Clinical Notes, New Instruments and Techniques 


A Simplified Method of Stereophotography of the Eye 


SEYMOUR GOODSTEIN, M.D., and JOHN GOELLER, New York 


In 1954 Donaldson! described the latest 
modification of his camera for medical 
stereophotography. With his unit, excellent 
stereophotographs of the external eye, an- 
terior segment, and angle of the anterior 
chamber could be obtained. Fundamentally, 
the Donaldson camera is two reflex cameras 
mounted side by side and connected to a 
common reflex housing, with use of rhom- 
boid prisms in front to provide a satis- 
factory interlens distance. There is a 
mechanism which permits independent ad- 
justment of the interlens distance and 
parallax displacement. It is well conceived 
and has produced beautiful pictures. How- 
ever, the camera. is difficult to obtain and 
is very expensive. For these reasons, it 
does not fully answer the needs of the 
average office or eye clinic which desires to 
improve its photographic records by adding 
stereoscopy. 

In 1955 Goodstein and his co-workers * 
described a method of taking pictures 
through a gonioscopic lens, with use of a 
hand illuminator. The illuminator had a 
light source for focusing, and a flashbulb 
in the same optical axis, synchronized with 
the shutter of a single-lens reflex camera. 
Magnification was achieved with the use of 
extension tubes, and a bellows was added 
for fine focusing. The flashbulbs have since 
been replaced by an electronic flash light 
source. This same unit has also been used 
for photography of the anterior segment. 


Recently we were fortunate enough to 
obtain a Stereoscopic Closeup Lens, manu- 

Submitted for publication Nov. 25, 1957. 

All photographs were taken by the Photographic 
Department of the New York Eye and Ear In- 
firmary. 
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factured by Zeiss for use on the Kine 
Exakta camera. This lens consists of two 
angled prisms placed base to base. When 
it is mounted in front of the camera lens, 
the image viewed is split. In this manner, 
a double image is photographed which, when 
mounted in a stereoviewer slide mount, can 
be viewed in a stereoviewer, with excellent 
stereoscopic detail. For external and an- 
terior segment photography any suitable 
electronic flash light source can be used. 
The magnification can be adjusted by the 
use of extension tubes and accessory lenses 
as desired. For photographing the anterior 
chamber angle through a gonioprism, the 
special illuminator is necessary. 

With this technique we have been able 
to obtain some fine stereophotographs of 
types of ophthalmic pathology. 
Unquestionably, the added dimension of 
depth makes the pictures more effective. 
This is particularly true of the anterior 
chamber and goniophotography. 


various 


We have included some of our photo- 
graphs, just as they came back from the 
processing laboratory, before mounting 
(Figs. 1, 2, and 3). In order to see them 
stereoscopically, hold a piece of cardboard 


Fig. 1—Basal-cell carcinoma (from original 
color transparency). 


STEREOPHOTOGRAPHY OF EYE 


Fig. 2.—Normal 


z angle (from original color 
transparency ). 


about eight inches long in your hand. Place 
your nose against the other end so that each 
eye sees one view. By relaxing your con- 
vergence you should be able to obtain 
stereopsis. The stereoscopic image should 
appear behind the plane of the page. 


Comment 

The high value of photography in medi- 
cine, as a permanent record in the manage- 
ment of individual cases and as a teaching 
aid, is well known. The use of stereoscopic 
photography enhances this value further. 
However, in order for the average ophthal- 
mologist or clinic to make use of it the 
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» 
Fig. 3—Chemosis of conjunctiva (from original 
color transparency ). 


technique must be rapid and simple and the 
equipment, relatively inexpensive. We be- 
lieve that the Stereoscopic Closeup Lens, 
with use of a single-lens reflex camera, 
fulfills this need. 


New York Eye and Ear Infirmary, 218 2d Ave. 
(3). 
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Annual Reviews 


ZACHARIAS DISCHE, M.D., New York 


Cornea 


Maurice’ proposed a new _ ingenious 
theory to explain the transparency of the 
cornea. It is based on the concept of a 
lattice structure of the corneal stroma. This 
lattice structure provides the properties of a 
diffraction grating, consisting of rows of 
fibrils arranged in a two-dimensional lattice 
in such a way that the scattering of the 
light falling on it is eliminated by inter- 
ference of the electromagnetic waves scat- 
tered from individual fibrils. The author 
first gives a brief outline of the structure 
of the corneal stroma based on most recent 
electron microscopic studies, according to 
which the stroma consists of parallel 
lamellae of collagen fibrils which in dry 
state have a diameter of approximately 
25 mp. The fibrils are imbedded in an ad- 
herent ground substance regarded as 
identical with corneal mucoid. The con- 
firmatory measurements by the author of 
the refractive index of the stroma of 
corneas of ox and pig yield values of 1.382 
and 1.374, respectively. They were some- 
what lower in deeper layers of the stroma 
than on the surface. The refractive indices 
of the collagen fibrils and of the interstitial 
ground substance as well as the volume 
fractions were determined by extracting the 
collagen from the stroma of the ox with 
water or 0.01 NaOH and drying it by heat- 
ing to constant weight at 105 C. The spe- 
cific gravity was determined to 1.55. From 
these data, under the assumption of validity 
of Gladstone and Dale’s law of mixture, 
the refractive index for the interstitial 
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ground substance was calculated to 1.374, 
in good agreement with the experimentally 
determined value. Measurements of the 
retardation of the fresh isolated cornea of 
the rabbit, according to a modified method 
of Stanworth and Naylor (1950-1953), lead 
to a value of 0.0027 for the total bire- 
fringence at the normal thickness of 0.38 
mm. The intrinsic birefringence, measured 
on corneas dried first to constancy in air 
and then in the dessicator, agreed with that 
theoretically calculated. From these meas- 
urements the values for the refractive in- 
dexes of 1.47 and 31 mp for the fibril 
diameter were calculated. The author points 
out that the evidence of double refraction 
agrees with the picture given by the elec- 
tron microscope of stromal lamellae made 
up of hydrated collagen fibrils. It conforms 
also the concept of fibrils as cylinders of 
uniform refractive index. Further evidence 
supporting the electron microscopic evi- 
dence of the structure of the stromal 
lamellae was obtained by diffusion experi- 
ments with mammalian hemoglobin and 
hemoglobin of a mollusk with a uniform 
molecular weight of 1,630,000. The diffu- 
sion constant through a thin corneal strip 
was found to be about 10 times lower than 
in free solution, and the diffusion stopped 
when the cornea was dried to about 50% 
of its original thickness. The molluscan 
hemoglobin diffused only when the cornea 
was swollen in saline to about 150% of its 
original thickness. Although the molecular 
diameter of mammalian hemoglobin is much 
smaller than the calculated distance from 
the axis of neighboring fibrils, its diffusion 
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may be influenced by interaction with the 
walls of the channels between the fibrils. A 
calculation of the scattering power of a 
thus-defined structure of the corneal stroma 
on the basis of the theory worked out by 
Schaffer (1909) and checked experimentally 
by Schaffer and Grossman (1910) shows 
that under the assumption of no interac- 
tion between neighboring lamellae 94% of 
the incoming nonpolarized light would be 
scattered and the cornea, therefore, would 
appear turbid. In reality, the calculation of 
the light-scattering on the basis of experi- 
ments of the author on human cornea, ac- 
cording to a procedure of Langham and 
Weibar (1954), showed that the total light 
scattered at all angles except very small ones 
is less than 1%. The author points out the 
difficulties encountered by the theory of 
transparency based on assumptions of 
uniform refractive indexes of the com- 
ponents of the stroma. To reconcile these 
theories with the experiments on the scat- 
tering, it would be necessary to assume that 
the corneal fibrils seen in the ultramicro- 
scope are artifacts produced by aggregation 
of protofibrils with a diameter of no more 
than 2 mp. This assumption would be diffi- 
cult to reconcile with the results of the 
diffusion experiments and also with the fact 
that the swollen cornea becomes much more 
easily turbid than the normal cornea. The 
explanation of the transparency offered by 
Cassperson and Engstroém (1946), which 
postulates an elimination of reflection on 
fibril surfaces by an envelope of mucoid 
with a refraction index tapered from the 
surface of the fibril to the interstitial fluid, 
appears to the author not supported by an 
adequate theoretical treatment. The author 
shows that if the fibrils of the stromal 
lamellae are parallel, are equal in diameter, 
and have their axes disposed in a lattice, 
the electromagnetic waves scattered from 
individual fibers will interfere destructively 
in all directions except in that of the in- 
cident beam and, therefore, the tissue will 
appear transparent. Experiments on the 
effect of swelling on the clouding of the 
cornea show that the clouding appears im- 
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mediately as soon as the volume of the 
cornea increases. This appears irreconcil- 
able with the arrangement in form of the 
fibrils in form of a square lattice with the 
diagonal perpendicular to the corneal sur- 
face, as in this case a swelling by 70% 
will change the square lattice to a stable 
hexagonal one. The latter form of the lat- 
tice appears, therefore, as most probable 
arrangement in the corneal stroma. The 
author describes an acoustical analogue to 
corneal structure. 

Dohlman and Anseth? made an attempt 
to determine the swelling pressure of the 
corneal stroma. They point out that the de- 
termination of the swelling pressure by Kin- 
sey and Cogan (1942) and by Pau (1954) 
led to contradictory results, which may be 
due partly to differences in the methods and 
partly to the unpredictable influence of the 
epithelium and endothelium which were 
present in preparations of these authors and 
during the prolonged experiments may have 
been in the state of necrobiosis. The authors, 
therefore, scraped off the epithelium and en- 
dothelium and Descemet’s membrane from 
the cornea, which was obtained with the 
surrounding rim of sclera. The material 
was used about one hour after the animal 
was killed. The results on the swelling of 
the corneas were compared with those on 
scleras Of the latter tissue, 2 cm. square 
pieces were investigated. The swelling pres- 
sure was obtained by determining the os- 
motic pressure of a dextran solution which, 
when equilibrated with the tissue enclosed in 
dialysis tubing, did not produce a significant 
change in the weight of the tissue. The 
tissue was enclosed in the tubing in such a 
way that no air was present inside the bag, 
and the tubing was flaccid and could not 
exert any mechanical pressure on the tissue. 
The experiments were carried out at room 
temperature at two different pH’s, namely, 
7.4 and 4.0. The latter corresponded to the 
over-all isoelectric point of the cornea, and 
it was assumed that under these conditions 
no appreciable Donnan effect was present. 
The osmotic pressure of the dextran solu- 
tions was measured with an osmometer 
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equipped with a glass capillary, and, by 
presetting the level of the outside fluid, the 
equilibrium was essentially reached within 
72 hours. The piece of dialysis tubing was 
used as a semipermeable membrane. The 
weight of the cornea remained constant 
when dialyzed against a 4.75% solution of 
dextran. This dextran solution showed an 
osmotic pressure of about 865 mm. H2O. 
Sclera, on the other hand, was in equilibrium 
with the dextran solution of 2.5%, corres- 
ponding to an osmotic pressure of 325 mm. 
H.2O. The difference between sclera and 
cornea became insignificant in measurements 
at pH 4. The authors conclude, therefore, 
that the higher swelling pressure of the 
cornea is the expression of a Donnan effect 
due to the presence of negatively charged 
nondialyzable mucoid molecules. The value 
for the swelling pressure of the cornea is 
only a little smaller than that found by Pau, 
which used equilibration against another col- 
loid solution, namely, Kollidin 90 (Bayer). 
This author, however, found for the sclera 
the same osmotic pressure as for the cornea. 
The authors believe that this might be due 
to the fact that in Pau’s experiment the 
cornea was in direct contact with the colloid 
solution, which could have penetrated the 
tissue and thus increased the water uptake. 
As the osmotic pressure of serum was found 
in control experiments to be equal to that 
of the sclera, the authors conclude that a 
specific pumping mechanism must be present 
in the cornea that removes the water which 
would enter the cornea and would be at- 
tracted by the higher swelling pressure of 
the corneal stroma. 

In a second experimental study the same 
authors * investigated the influence of the 
intraocular pressure on the hydration of the 
corneal stroma. The purpose of this in- 
vestigation was to explain why the removal 
of the endothelium in vivo leads to a much 
higher imbibition by the cornea than the 
removal of the epithelium. To solve this 
problem, the authors simulated in vitro the 
conditions under which the cornea finds it- 
self in vivo when the one or the other cel- 
lular layer is removed. The experiments 
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were carried out in a pressure chamber 
which permitted exertion of a hydrostatic 
pressure by a fluid on either the inner or 
the outer surface of the cornea. Five cor- 
neas were used simultaneously for every 
experiment. Experiments were carried out 
at room temperature and 1:1000 thimerosal 
(Merthiolate) was added to prevent bac- 
terial growth. In a first series of experi- 
ments, corneal stroma denuded of the 
limiting membranes was placed with the an- 
terior side down at the bottom of the pres- 
sure chamber, which contained five holes. A 
pressure of 20 mm. Hg was exerted on the 
upper posterior surface of the cornea, while 
the anterior surface was exposed to air. 
After 16 hours the tissue gained 172% in 
weight and thereafter leveled off at a gain 
of about 200%. This set of experiments 
imitated the conditions in vivo when the 
endothelium was removed. The conditions 
after removal of epithelium were imitated 
by fastening the corneas above the holes a: 
the bottom of the apparatus with the anterior 
side down and filling the pressure chamber 
with fluid under an air pressure of 20 mm. 
Hg, while the anterior side was bathed by 
an isotonic fluid of zero pressure imitating 
tear fluid. The pressure by air substituted 
here for the intraocular pressure. Under 
these conditions the gained weight did not 
exceed 125% of the original weight of the 
cornea. The authors conclude from these 
experiments that the difference in the effect 
of the removal of the endothelium and 
epithelium is due to the fact that in one 
case the intraocular pressure exerts its in- 
fluence in the same direction in which the 
influx of water follows the swelling pressure 
of the cornea, while after removal of the 
epithelium the intraocular pressure counter- 
acts the movement of the fluid. 

Wortman and Strominger* made an at- 
tempt to determine the localization of S* 
incorporated in vitro by adult rabbit and 
beef corneas. The incubation of whole 
cornea or pieces of cornea was carried out 
in Difco TC 199 tissue culture material 
supplemented with H2S*°O,, at 38 C for 18 
hours with addition of 50 units of penicillin 
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and 6yg. of streptomycin per milliliter of 
medium. At the end of the incubation the 
whole mixture was heated for 10 minutes 
at 100 C; the tissue was washed three times 
with water, suspended in 0.1 M NasSO, 
for three hours at 38 C, and again washed 
three times with water. This removed in- 
organic S*. Controls were either heated 
at 100 C before incubation or stored at —20 
C during the incubation period. The radio- 
activity was either determined by hydro- 
lyzing the tissue with concentrated HCl at 
100 C for three hours, precipitating the 
sulfate with BaCl, and measuring the 
radioactivity of the dried precipitate, or 
on the acid mucopolysaccharide fraction of 
the cornea prepared according to the pro- 
cedure of K. Meyer et al. The radioactivity 
of the isolated polysaccharide fraction was 
also determined after treatment with 
hyaluronidase. The mixture of acid muco- 


polysaccharides thus prepared was then 


subjected to paper electrophoresis with 0.05 
M phosphate buffer at pH 7 on Whatman 
No. 1 filter paper at a voltage gradient of 
20 volts per centimeter for 60 minutes, and 


the polysaccharides were detected by meta- 
chromatic staining with toluidine blue in 
50% ethyl alcohol. Radioautography of the 
electrophoretic strips was also carried out. 
The paper electrophoresis of the isolated 
mucopolysaccharide of the cornea, however, 
showed only one spot with an electrophoretic 
mobility identical with that of pure kerato- 
sulfate. Sclera, on the other hand, showed 
a spot corresponding to pure chondroitin 
sulfate. The position of the spot was the 
same whether it was detected by metachro- 
masia or radioautography. This result was 
obtained in spite of the fact that pure chon- 
droitin sulfate and keratosulfate could be 
clearly separated under these conditions. 
The authors assume that this peculiar be- 
havior of the mucopolysaccharides of the 
cornea might be due to the fact that the 
chondroitin sulfate in the cornea has a much 
higher degree of polymerization than the 
standards which they used for comparison. 
Their experiments, therefore, show only 
that S** is incorporated into the keratosul- 
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fate in the cornea and into chondroitin sul- 
fate in the sclera in vitro. 

In his Jonas S. Friedenwald memorial 
lecture, Harris® gives a lucid review of 
his work on the physiological control of 
corneal hydration. In particular, the results 
of experiments on the reversible water and 
cation exchange of the cornea during re- 
frigeration and subsequent return to body 
temperature are considered. The author 
weighs arguments for the metabolic concept 
of mechanisms involved in this exchange 
as compared with two other possible mech- 
anisms, namely, increase in osmotic pres- 
sure due to changes in the ionization of 
colloidal anions and changes in the bound 
water. He concludes that the metabolic 
concepts appear experimentally better sup- 
ported and regards a water pump rather 
than a sodium pump as operative in the 
control of the hydration of the cornea. 
More recent experiments on the effect of 
the synthetic sulfate of hyaluronic acid 
on the hydration and transparency of the 
cornea are also reported. The material used 
came from G. D. Searle & Co.; 0.05 cc. of 
a 10% solution of material was injected 
into the vitreous, the aqueous, and intra- 
corneally in vivo. In all cases there was 
a powerful hydration of the cornea which 
exceeded the maximum hydration obtained 
under other circumstances. After the in- 
travitreal administration the cornea gained 
maximally 400% of its normal water value. 
Even greater was the hydration after in- 
jection in the anterior chamber, which 
started 24 to 48 hours after the second 
injection and gained a maximum at an 
earlier period than when injection was 
made in the vitreous. Heparin, a natural 
sulfated mucopolysaccharide, under these 
circumstances had no _ significant effect. 
After intracorneal injection hydration was 
fairly marked 24 hours later. Some hydra- 
tion was also observed with injections of 
heparin under these conditions. When the 
ester, however, was injected in vivo into 
the eye which was kept after enucleation 
in a moist chamber in the cold, it not 
only did not increase the hydration which 
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takes place under these conditions but de- 
creased the amount of water entering the 
cornea from the anterior chamber. The 
secretion of water after transfer to body 
temperature was also decreased, and so the 
recovery remained incomplete. The experi- 
ments on excised corneas failed to show 
any effect on the hydration of the cornea. 
The author concludes, therefore, that the 
very strongly polar ester replaces some of 
the polysaccharides of the cornea, probably 
those at the endothelial and Descemet mem- 
branes. This membrane is regarded by 
Harris as the most effective site of the 
mechanisms of the regulation of hydration 
of the cornea. The author doubts that anti- 
hyaluronidase activity of the ester has 
something to do with the increase in hydra- 
tion in vivo. This is regarded as the effect 
of an increase in barrier permeability or 
the increase in pump activity which takes 
place only slowly. Cataractous changes 
which eventually develop in the eye into 
which the substance has been injected could 
also be due to an initial or part substitution 


of the ester for the polysaccharide of the 
lens capsule. 

Dohlman and Balazs* made an attempt 
to demonstrate the presence of glycopro- 


teins in the cornea which contained a 
fucomucopolysaccharide moiety and no hex- 
uronic acid. Cattle corneas, obtained from 
the slaughter house less than an hour after 
the animal was killed, were freed from 
epithelium, endothelium, and Descemet’s 
membrane by scraping. The tissue was 
frozen with dry ice and cut into 50, sec- 
tions. The sections were then extracted 
with 1000 ml. of distilled water per 100 
corneal stromas at 4 C for two days. The 
extract was centrifuged for 30 minutes at 
12000 g and filtered through Whatman 
filter paper No. 2. The filtrate was dialyzed 
against distilled water for 24 hours at 4 C, 
with use of Nojax cellulose casings. The 
dialyzed filtrate was filtered again and ana- 
lyzed. The residue of this extraction was 
then extracted with 10% CaCle. This latter 
extraction, however, produced material con- 
taining much higher amounts of polyuro- 
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nides. The water extract was subjected 
to several fractionation procedures, of 
which finally the fractionation with ethanol 
was retained as the only suitable one. In 
this latter fractionation the water extract 
was first dialyzed for 16 hours against a 
0.1 M acetate buffer of pH 5. A precipi- 
tate which was formed during the dialysis 
was centrifuged off at 25000 g at 2 C, and 
the ethanol was added dropwise at 0 C. 
The precipitate was then digested by tryp- 
sin and pepsin for three days at 38 C under 
control of pH and addition of new enzyme 
every day and was then dialyzed and dried. 
The undigested precipitate as well as the 
digest and the supernatant were subjected 
to analysis of the sugar, sulfur, and nitro- 
gen. The precipitate and the supernatant 
were then analyzed for hexosamines, which 
were separated on a resin column (Dowex 
50 in H-cycle) and eluted with 1 N HCl. 
The total hexosamine was determined after 
hydrolysis for 20 hours at 95 C in 5 N 
HCl, and determination was carried out 
by the Blix modification of the Elson-Mor- 
gan method. Hexuronic acids were deter- 
mined by the decarboxylation method of 
Burkhart, Baur, and Link; the ester sulfate, 
by the benzidine method, according to 
Anderson, and hexoses were identified after 
hydrolysis for 4 or 20 hours in 2 N H2SO, 
at 95 C and removal of electrolytes on 
Dowex 50 200-400 mesh by paper chro- 
matography with a pyridine-amyl alcohol- 
water mixture, according to Werner and 
Odin (1949). The precipitate of the 
ethanol showed very little uronic acid and 
sulfur and 6.6 times as much glucosamine 
as galactosamine, half of the latter being 
equivalent to the uronic acid content. The 
paper chromatography of the sugars indi- 
cated the presence of galactose, glucose, 
mannose, and fucose, but the precipitate 
gave negative direct Ehrlich reaction and 
Bial reaction for sialic acid. The authors 
conclude that the corneal stroma, in addi- 
tion to acid mucopolysaccharides, contains 
glycoproteins of the same type as those 
found in connective tissue by other inves- 
tigators. 
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Dohlman* studied the fate of various 
constituents of the corneal graft by trans- 
planting the cornea from a rabbit injected 
with S** to the cornea of an animal which 
was not labeled and comparing the rate of 
decay of the radioactivity in the host with 
that in the donor. The experiments were 
carried out on 76 rabbits weighing 2 to 
2.8 kg. each, which were divided into four 
groups. Two-thirds in each group received 
intravenously 1 mc. of S*. Three days 
after administration of the isotope, at which 
time most of the inorganic labeled sulfate 
was eliminated, the cornea from one eye of 
the donor was removed and transplanted to 
an unlabeled animal of a different strain. 
The other eye was left in the live animal. 
The four groups of animals were killed 
2, 5, 14, and 40 days, respectively, after 
the operation. The cornea of the one eye 
of the donor animal as well as the trans- 
planted cornea and the corneal residue of 
the eye after transplantation, which had 
been preserved frozen at —15 C, were 
removed, dried at 90 C over P2O; to con- 


stant weight, measured directly for radio- 
activity with a Geiger-Miller counter, and 
finally combusted, after which the radio- 


activity again determined. To determine 
the fate of cellular elements of the corneal 
graft, the cornea of donor animals was 
labeled with P*? by injecting subconjunc- 
tivally 4 me. of labeled o-phosphate in 0.1 
ml. of saline in each eye. Eight days later 
two corneal transplants were cut out with 
a 6 mm. trephine from symmetrical places 
in the same donor cornea, and their radio- 
activity was measured. One of the two 
grafts was then transplanted, and the other 
was kept frozen at —15 C. After 2, 6, or 
10 days the recipient rabbits were killed; 
the grafts were removed and divided into 
epithelium fraction and endothelium plus 
Descemet’s membrane. The control grafts 
were treated in the same way. The tissue 
samples were then digested with papain 
in phosphate buffer pH 6.7 for two hours 
at 60 C, which led to complete solution; 
the solution was precipitated with TCA, 
and the precipitate was washed and dried 
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and its radioactivity was measured, under 
the assumption that the self-absorption in 
the experimental and control graft fractions 
was the same. The decay of the radioactiv- 
ity in the TCA-insoluble fraction, which 
was supposed to contain the nucleic acids, 
was then computed, under the assumption 
that the radioactivity in the grafted sample 
at the moment of grafting was the same as 
that in the control sample. In the corneal 
transplants the radioactivity initially de- 
creased at a considerably higher rate than 
in the normal cornea, and after 14 days it 
went down to a level only one-third as high 
as that in the control. There was no corre- 
lation between the rate of elimination 
of S*® and the clinical result of the 
grafting. The elimination of radioactivity 
from the TCA-soluble and TCA-insoluble 
fractions of the three corneal layers was 
determined in the donor animals by enucle- 
ating one eye 8 days after intravenous 
injection of P** and the other 10 days later. 
The half-time of the elimination was then 
obtained by extrapolating the line of decay 
to zero. The elimination of the graft was 
determined by comparing the radioactivity 
of the three corneal layers at various time 
intervals after transplantation, which took 
place also eight days after labeling. The 
half-life of the TCA-soluble fraction was 
45 days in the epithelium and 13 days in 
the stroma; that of the insoluble fraction, 
18 and 8 days, respectively. The determina- 
tions for the endothelium were uncertain. 
The elimination from the graft of the TCA- 
insoluble radioactivity was much faster, 
more than 95%, after six days in the epi- 
thelium and 10 days in the stroma. The 
possibility of an increased turnover rate of 
the TCA-insoluble compounds in the graft 
was excluded by a control experiment in 
which one and five days, respectively, after 
keratoplasty on the right eye 2 me. of P* 
o-phosphate was injected intravenously and 
24 hours later the radioactivity in the layers 
in the cornea of the enucleated eye was 
determined. It showed that the incorpora- 
tion of the transplanted graft was not 
higher than in the control cornea. The 
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author infers from these experiments that 
there is a net loss of mucoid from the 
transplanted graft and that the cellular ele- 
ments of the transplanted grafts are also 
removed from the transplant and regener- 
ated from the host tissue. The increased 
incorporation in the stroma surrounding the 
transplant also indicates a high rate of cell 
division there, and this is in agreement 
with histologic findings of an increased 
number of mitoses in the host cornea dur- 
ing the first two weeks following kerato- 
plasty. 

In another series of experiments Dohl- 
man * made an attempt to determine wheth- 
er the increase in the rate of elimination of 
S* from corneal transplants is due to the 
elimination of ground substance or to an 
increased turnover rate. In the latter case 
the rate of incorporation should be in- 
creased above normal. To this end he 
investigated the incorporation of S* in 
vitro into corneal grafts 1, 3, 10, 16, 24, 
and 34 days after the keratoplasty and 
compared it with that in normal rabbit 
corneas. 


Keratoplasty was performed on 
84 eyes in 42 rabbits weighing 2 to 3 kg. 
each. Two excised corneas with the grafts 
in situ were placed in 20 ml. of Krebs- 


Ringer bicarbonate solution containing 
0.1% glucose and labeled Na2SO, and in- 
cubated four hours at 37 C. The normal 
corneas were treated in the same way. After 
incubation the corneas were dried at 90 C 
to constant weight over P2O;; they were 
then combusted, and the radioactivity was 
measured. The ability of the graft cells to 
incorporate the isotope into organic mate- 
rial was found to be greatly reduced imme- 
diately after surgery and to recover in the 
following 10-day period. This depression 
of the S** incorporation was also observed 
in the cornea of the recipient animal sur- 
rounding the graft. The recovery followed 
the same pattern as that of the graft itself. 
Autoradiography of corneas after kerato- 
plasty showed a heavy accumulation of the 
isotope at the wound edges which coincided 
with the accumulation of fibroblasts. This 
labeling disappeared completely on the 34th 
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day after the graft had healed, and the 
fibroblasts disappeared. These experiments 
show that in the rabbit, elimination of S** 
from corneal transplants cannot be due to 
an increase in the turnover, as the uptake 
of S* postoperatively drops almost to zero 
and recovers only during the following 
10-day period, in which the elimination of 
the S* from a prelabeled transplant is far 
progressed. 

Boros and Takats ® investigated the con- 
tent of acetylcholine in corneal transplants. 
The authors discuss extensively the chemi- 
cal, hormonal, and biological factors which 
influence the viability of the transplants. 
They believe that only the cellular elements 
of epithelium, endothelium, and _ stromal 
cells are provided to the transplant by the 
host, while the stromal fibers as well as 
Descemet’s and Bowman’s membranes of 
the transplant survive. Transplantations of 
cornea were carried out on 30 rabbits, the 
size of the transplant being 5 mm. in diam- 
eter. The transplant was fixed in its posi- 
tion by the pressure of a celluloid disc, the 
curvature of which corresponded exactly 
to that of the cornea. The disc was fas- 
tened at four spots and removed after three 
to four days. At various time intervals 
after transplantation the corneal transplants 
were removed and weighed, and the deter- 
mination of acetylcholine in them was 
carried out with use of frog hearts as test. 
For the test the transplant was homogen- 
ized, after being weighed, in a bicarbonate- 
free Ringer solution containing saline; the 
ratio of fluid to cornea was 50,000:1. The 
homogenate was deproteinized by heating 
for 10 minutes at 60 C and then centri- 
fuged, and the supernatant was used for 
the determination. The intact cornea before 
transplantation showed a content of l3ug. 
to 184g. per gram of acetylcholine. After 
transplantation the acetylcholine content 
was 0. It went up continuously in the cor- 
neal transplants which remained clear until 
20 weeks after transplantation and reached 
a level of 8.3ug. per gram. The wound edge 
of the host in these corneas is lower in 
acetylcholine than the transplant itself. In 
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corneal transplants, however, which lost 
their transparency the amount of acetyl- 
choline was only one-third to one-fifth of 
that of the corneas which remained clear. 
In these cases the wound edge of the host 
showed higher values than the transplant 
itself. The authors point out that these 
changes in the content of acetylcholine are 
independent of the nerve supply of the 
transplant, but they believe that it may be 
related in some way to the ability of the 
transplant to survive without losing its 


transparency. 
Minich™ reports extensive investiga- 
tions on the content in calf and rabbit 


corneas of various phosphate fractions as 
well as the rate of exchange of P** injected 
subconjunctivally with the corneal phos- 
phate fractions. The experimental set-up 
unfortunately is very often such that it is 
difficult to draw any conclusions concerning 
the metabolic significance of changes which 
were found by the author. The corneas of 
calves were obtained from slaughter houses. 
The effects of temperature, pH, and various 
metabolic inhibitors on the distribution of 
phosphorus among four fractions, namely 
(1) inorganic phosphate, (2) the difficult 
hydrolyzable phosphate, (3) ATP, and (4) 
ADP, were determined. This was done by 
incubating half of the cornea for 60 min- 
utes at 37 C in a nutrient medium used by 
Merriam -and Kinsey for lens cultures. 
One-half of the cornea was incubated under 
experimental conditions; the other under 
standard conditions, as control. One part 
of the experimental and control cornea was 
used for the determination of the total 
phosphorus, while another was precipitated 
with TCA and the supernatant used for the 
fractionation of the acid-soluble phospho- 
rus. This fractionation was carried out by 
paper chromatography, and the above-men- 
tioned four fractions, detected on the chro- 
matograms by the photo print procedure 
of Martin and Smith and the procedure of 
Hanes and Isherwood, were cut out and, 
after washing, were used for quantitative 
P determinations according to Berenblum 
and Chain. Experiments on the incorpora- 
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tion of P** were carried out on rabbit cor- 
neas. The animals were injected in one 
eye with a solution of labeled o-phosphate, 
the radioactivity of which corresponded to 
4X 10® counts per minute in milliliters. The 
phosphate fractions were obtained in the 
same way as above, and the measurements 
for radioactivity were carried out on solu- 
tions of the ashed materials. The distribu- 
tion of the phosphate fractions in calf 
corneas was first determined on a series 
of duplicate samples of halves of the same 
calf corneas to determine the standard de- 
viation between the two halves. It must be 
noted that these distributions are those in 
incubated corneas and that no determina- 
tions were done to determine the original 
distributions before incubation. The data 
also are given only for the percentual dis- 
tribution among the four fractions, and no 
absolute values for any of the fractions or 
the whole were determined. The authors 
also point out that the recovery of the indi- 
vidual fractions in their method was not 
100%. The ratios between the individual 
fractions, therefore, have only a compara- 
tive value as far as differences between 
experimental samples and controls are con- 
cerned. The main weakness of this inves- 
tigation is that no differentiation between 
the part of the epithelium and the endothe- 
lium, on the one hand, and the stroma, on 
the other hand, was carried out. In only 
one experiment the total cornea and the 
cornea after removal of the epithelium were 
compared. In these experiments, as ex- 
pected, the ratio of ATP and ADP to other 
phosphate fractions was strongly increased. 
Incubation at 20 C showed a very slight 
increase in Fraction I at the expense of 
ATP, as compared with controls incubated 
at 37 C. At 85 C, on the other hand, all 
ester fractions appeared dephosphorylated 
to a large extent, as could be expected. The 
identical sense in the direction of changes 
by lower and higher temperature does not 
appear surprising, as the identical changes 
may result from very different shifts in the 
ratio of numerous metabolic processes in 
such a complex system. Shifts of pH _ be- 
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tween 7.2 and 8.0 were of no influence. 
At pH 10 Fractions II and I increased at 
the expense of Fractions III and IV, while 
at pH below 6, only Fraction I increased 
at the expense of all others. KCN 1/1000 
M led to a significant decrease in ester 
Fractions II and III, but unfortunately no 
significant corresponding increase in inor- 
ganic phosphate appeared, which is difficult 
to understand. Use of 1:1000 M NaF 
caused a shift from Fraction III to Frac- 
tion II, which might indicate that glycogen 
and glucose were phosphorylated but not 
glycolized. Monoiodoacetic acid 1:1000 M 
yielded a picture similar to that of sodium 
fluoride except that, in addition to the shift 
from Fractions III and IV to Fraction II, 
there was also a partial dephosphorylation of 
these two fractions to inorganic phosphate. 
Phlorhizin 1/50 M decreased significantly 
only Fraction III. Urethan in concen- 
trations in which it causes swelling and 
clouding of the cornea induced dephospho- 
rylation of all ester fractions. Dinitrophe- 
nol 1.5X10-* M had no significant effect. 
The same is true of ammonium nitrate, 
which was shown to increase phosphoryla- 
tions in yeast. Colchicine 1:10,000 had no 
significant effect. The experiments on rab- 
bit eyes were mainly concerned with the 
effect of inflammatory agents on the ratio 
of the incorporation in the four phosphate 
fractions of the cornea. Control experi- 
ments carried out with two corresponding 
halves of the same cornea showed no sig- 
nificant differences between the two halves, 
neither in the composition of the acid-sol- 
uble phosphate nor in the rate of incor- 
poration between the different fractions. 
Bee venom keratitis produced with 0.1 mm. 
of a 1:1000 solution 24 hours after injec- 
tion into the anterior chamber showed a 
significant shift from Fraction III to Frac- 
tion II and a shift in the degree of incor- 
poration from Fractions III and IV into 
two other fractions. Keratitis anaphylactica, 
which appeared either 11 to 12 days after 
injection of 0.05 ml. of horse serum into 
the cornea or immediately after intracorneal 
reinjection 14 days after the first injection, 
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produced an identical shift from the ester 
fractions to imorganic phosphate, except 
that the changes in Fraction I] were not 
significant. Finally, keratitis dendritica, ex- 
perimentally produced by infection of one 
eye of the rabbit with the corneal epithelium 
scraped from the eye of patients with this 
disease, again shifted the phosphorus as 
well as its rate of incorporation from ester 
fractions to inorganic phosphate. This in- 
fluence of inflammatory processes can be 
interpreted, according to the author, as due 
to a loosening of the structure of the cornea 
with subsequent release of normally re- 
strained enzymatic processes. 

Kinoshita ** made an important contribu- 
tion to our knowledge of the metabolism of 
the cornea by demonstrating the stimulating 
effect of pyruvate on the direct oxidative 
pathway of glucose in the cornea. These 
experiments were stimulated by previous 
findings of Hermann and Hickman (1948) 
that upon incubation of corneal epithelium 
with pyruvate the increase in lactic acid 
corresponds only to one-half the amount 
of pyruvate which disappears. The experi- 
ments were carried out on fresh cattle eyes, 
and the corneal epithelium was scraped off 
with a scalpel. The epithelium was then 
incubated in an atmosphere of 95% Ne and 
5% COs. When the incubation had taken 
place in presence of pyruvate which was 
labeled with C™ on carbon 1, all the radio- 
activity of the pyruvate which had disap- 
peared reappeared in form of lactate. The 
fact that by chemical measurements the 
increase in lactate corresponded only to 
one-half the amount of pyruvate which dis- 
appeared was shown to be due to the 
suppression of the endogenous lactate for- 
mation in the cornea by pyruvate. This 
could be demonstrated by adding glucose 
labeled on carbon 1 and unlabeled pyruvate 
and measuring the amount of labeling in 
the lactate form. Only half as much label- 
ing appeared in presence of pyruvate than 
in its absence. That the direct oxidative 
pathway is stimulated by addition of pyru- 
vate was shown by adding unlabeled pyru- 
vate and labeled 1-C' glucose. Under these 
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conditions COs increased eightfold. Addi- 
tion of 2-C™ glucose but not that of 6-C™ 
also increased C“Os. This effect of pyru- 
vate is explained by assuming that the rate 
of oxidation of TPNH to TPN is the rate 
limiting reaction in the oxidation of glu- 
cose-6-phosphate in the cornea. The lactic 
acid dehydrogenase of the cornea is as- 
sumed to be able to use TPN as well as 
DPN as its coenzyme. This ability was 
demonstrated by incubating pyruvate with 
the dialyzed homogenates of corneal epithe- 
lium and measuring spectrophometrically 
the rate of oxidation of added TPNH. The 
rate of this oxidation was found to be only 
one-tenth or one-twelfth of the oxidation 
of DPNH under identical conditions. It 
was also possible for the author to demon- 
strate directly the oxidation of glucose in a 
dialyzed homogenate of corneal epithelium 
when TPN as well as pyruvate was added. 
The author points out that the ability of 
the corneal lactic acid dehydrogenase to 
utilize TPN as well as DPN acts like a 
pyridine nucleotide transhydrogenase in the 
soluble cytoplasm. 

Kuwabara and Cogan continued their 
studies on lipogenesis in the cornea. In a 
series of experiments the specificity of 
oleates as substrate was tested. Three types 
of experiments were carriec out: In one, the 
substrate was injected into corneas of rab- 
bits in vivo; in the second, corneal buttons 
after injection were cut out and incu- 
bated in plasma, in serum, or intraperito- 
neally; in the third, corneal buttons were 
incubated in serum to which substrate was 
added. Oleic acid and sodium oleate (0.05 
cc. of 10% emulsion in saline) produced 
progressive inflammatory reactions and 
local necrosis, and fat droplets began to 
appear in the corneal cells (epithelium, 
stroma, or endothelium) 12 hours after 
injection and increased during several days. 
This lipogenesis was particularly clear when 
the corneal buttons after injection were cut 
out, as it was not masked by cellular inva- 
sion from the environment. Incubation in 
serum to which oleic acid or oleate was 
added was even more effective than the in- 
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jection experiments. Lipogenesis was here 
seen as soon as after six hours. This en- 
hancement is apparently due to serum, as 
incubation of injected corneal buttons in 
serum to which no substrate was added also 
sped up lipogenesis. Methyl-oleate and an 
oleate ester of. polysorbate 80 U. S. P. 
(Sorbital; Tween 80) also produced lipo- 
genesis and necrosis. The latter, however, 
showed no results after incubation of non- 
pretreated corneal buttons. No lipogenesis 
was produced by other fatty acids or their 
salts or esters, except purified linolenic acid, 
which, however, still may have been con- 
taminated by traces of oleic acid. Lecithin 
produced oleic acid reactions, probably 
owing to liberation of this acid. Fat ex- 
tracted with ether from rabbit omentum 
produced sudanophilic intercellular glob- 
ules in the cells, but the reaction was weak 
and appeared only much later, after one 
week, the fat infiltration remaining mainly 
extracellular. Olive oil was also ineffective, 
apparently owing to the inability of the 
cornea to split off oleic acid. Three tissues, 
namely, blood, liver, and brain, were also 
tested either in form of implants of pieces 
of tissue or emulsions, or in form of ex- 
tracts with organic solvents. Whole rabbit 
blood or washed red blood cells caused fat 
infiltration in adjacent fibrocytes, but only 
after one week and without accompanying 
inflammation or necrosis. The rabbit blood 
was ineffective, but human plasma produced 
some fat formation. Incubation in serum 
showed some lipogenesis which depended 
upon the fat content of the serum. Hep- 
arinization in vivo increased and enhanced 
this effect, and serum of xanthomatose pa- 
tients showed increased lipogenesis only 
after heparinization. Corneal tissue was 
completely ineffective, which excludes the 
possibility that injury to corneal tissue is 
a factor in lipogenesis. Injections of whole 
liver produced lipogenesis in the first few 
days but without inflammation reactions. 
Incubation in serum to which liver was 
added was ineffective. Extracts of liver 
were also effective, as well as the ether- 


extracted residue. The latter, however, 
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disappeared after chloroform and methanol 
extractions. Brain tissue behaved almost 
exactly like liver. The authors conclude 
that these results may have bearing on the 
problem of so-called fat degeneration inso- 
far as they make probable that fat degen- 
eration is the consequence of lipogenesis 
from oleic acid or products containing it as 
a constituent and not the result of fat in- 
gestion or liberation of masked fat. 

In another series of experiments Cogan 
and Kuwabara ™ investigated the effect of 
various physical, metabolic, and biological 
factors on lipogenesis in the cornea and 
compared the lipogenesis in corneal tissue 
with that in numerous other tissues. Lipo- 
genesis appeared in all forms of corneal 
cells when corneal buttons were incubated 
in serum to which substrate was added. 
Sometimes epithelial cells showed fat glob- 
ules when substrate was injected into the 
cornea. These globules persisted in epithe- 
lial cells even after the disappearance of 
the fat globules in stromal cells. Also, sepa- 
rated epithelium showed lipogenesis. The 
fat globules appeared only in the cytoplasm, 
not in the nucleus. Corneas of human as 
well as of beef, cat, rat, guinea pig, and 
rabbit were equally suitable for this type 
of experiment. Lipogenesis was produced 
in the pH range between 6 and 8. It was 
suppressed at pH 5 and above 8.5. It was 
also suppressed by lowering the tempera- 
ture to 4 to 5 C or increasing it to 55 C. 
It was more abundant at 37 C than at room 
temperature after equal time of incubation. 
Heating of corneal buttons to 60 C for five 
minutes abolished lipogenesis; potassium 
cyanide at 0.02 M had the same effect. 
Dinitrophenol inhibited lipogenesis only 
partially even at 0.0025 M. Nitrogen atmos- 
phere diminished but did not abolish lipo- 
genesis. It was fully preserved by storage 
in the refrigerator for not more than five 
days. It was completely abolished after 11 
days. In a single experiment, corneal but- 
tons incubated in chicken embryo extract 
for two weeks showed full lipogenesis. 
Soaking for 4 days in Tyrode solution at 
room temperature did not effect lipogenesis, 
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but only 30 minutes’ incubation in distilled 
water destroyed it completely. Irradiation 
by means of strontium f-rays (15000 rep) 
did not reduce capacity for lipogenesis. 
Mechanical injury, even slight, like pres- 
sure from forceps or from a knife blade, 
resulted in complete disappearance. Com- 
parable experiments with other tissues 
showed that peripheral nerves, nerve rods, 
thyroid glands, and polymorphonuclear 
cells had no capacity for lipogenesis. The 
other tissues could be grouped on the basis 
for their capacity for lipogenesis in two 
types: One resembled the cornea in show- 
ing lipogenesis dependent on the addition 
of oleate. Some membranes, scleral connec- 
tive tissue, and aorta belong to this group. 
On the other hand, all forms of glandular 
tissue, muscle, colloid plexus, and granula- 
tion tissue showed another type of lipo- 
genesis, best represented by the liver tissue, 
in which the fat globules appeared only in 
the exposed margins of the tissue, appar- 
ently a function of oxygen availability, but 
they did not require addition of oleate. 

Uzman and Jakus * made a histochemical 
and electron microscopic study of the 
Kayser-Fleischer ring and copper deposits 
in the stroma of cornea obtained from two 
patients with hepatolenticular degeneration. 
The copper deposits in the stroma were 
soluble in formaldehyde, dilute mineral 
acids, and Versene, and were insoluble in 
ethanol and other organic solvents. The 
authors, therefore, regard them as deposits 
of copper salts. The copper detectable 
within the structures designated as Kayser- 
Fleischer rings had completely different 
properties: They were insoluble in formal- 
dehyde but highly soluble in organic sol- 
vents and resistant to treatment by 12% 
HCl. They resemble, therefore, copper 
chelates. The fact that after treatment with 
formaldehyde the solubility in organic sol- 
vents was lost indicates that the organic 
constituents of the chelate are at least partly 
of protein nature and are changed by for- 
maldehyde in such a way that the solubility 
in organic solvents is abolished. The elec- 
tron microscopic data on the Kayser- 
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Fleischer ring are in agreement with the 
histochemical findings. The strongly vary- 
ing and characteristic colors of the Kayser- 
Fleischer ring located in the Descemet 
membrane are, according to the authors, 
not due to the color of the chelate but are 
light-interference phenomena. The forma- 
tion of multiple rings is considered analo- 
gous to the Liesegang ring formations 
produced when certain salts diffuse from 
a liquid phase into a gel and combine with 
a constituent of the gel to insoluble sub- 
stances. The rings, therefore, may be due 
to a penetration of copper from the an- 
terior chamber into the Descemet mem- 
brane. The accumulation of copper in the 
cornea in the hepatolenticular degeneration 
may be due to specific affinities of certain 
constituents of the corneal stroma and 
Descemet membrane to copper. 

Cogan and Henneman '* described a case 
of generalized calcification of the cornea as- 
sociated with hypercalcemia. The turbidity 
was completely reversible after normaliza- 
tion of the calcium level in blood. 

Matumoto '® made some observations on 
the metabolism of the cornea under the 
influence of chemical agents inducing vas- 
Riboflavin deficiency and 
alloxan injections decreased O2 consump- 
tion and aerobic glycolysis in rabbit corneas 
during the first three to five days. Later, 
as soon as the vascularization started, there 
was an increase. 


cularization. 


Trizcinska-Dabrowska investigated his- 
tochemically the distribution of glycogen in 
the cornea under various conditions. Gly- 
cogen is normally present only in the epi- 
thelium, particularly in basal layers. It was 
investigated in human cornea after kerato- 
plasty and enucleation and in rabbit corneae 
after experimental injection of glucose. 
Glycogen appears when there is a consid- 
erable cellular production. In pathological 
conditions with extensive degeneration it 
disappears. 

Krwawicz and Szwarc'* investigated 
the distribution of glycogen in cornea kera- 
toplasty. 
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Szwarc '® investigated by histochemical 
methods the distribution of activity of phos- 
phatases during the formation of postoper- 
ational scars in the cornea. Whereas the 
enzymes were present only in the epithelium 
under normal conditions, they appeared in 
the substantia propria near the scar after 
injury. 

Morone *° investigated the histochemistry 
of certain enzymes in lyophilized corneae. 
He found that during storage alkaline phos- 
phatase disappeared but succinic dehydro- 
genase and cytochrome oxidase remained 
unchanged. 

Taoka *! investigated the effect of heavy 
metals, of temperature, and of elimination 
of epithelium on the permeability of the 
cornea. ZnSO, increased, AgNO; de- 
creased, and CuSO, left unchanged elec- 
trical resistance. The latter showed a 
moderate change between 45 and 55 C and 
a marked change at 60 C, at which tempera- 
ture the cornea behaved like a free-passage 
membrane. After two hours at 7.5 C, the 
resistance decreased by 13%; at 5 C, by 
27%. Damage to endothelium decreased 
electrical resistance by 20%. 

Takaku ** separated from the cornea by 
ultracentrifugation and zone electrophoresis 
four different proteins and three polysac- 
charides. 

Esposito ** found that avitaminosis E 
decreases the anaerobic glycolysis of the 
cornea by 50% and does not affect Oz con- 
sumption. 


Aqueous Humor 

Block and associates ** found in normal 
aqueous the concentration of y-globulin 
lower and that of albumin higher than that 
in serum. In secondary aqueous all ratios 
were equal to those in serum. Cortisone 
decreased the proteins in secondary aqueous 
from 2.6% to 1.9% without changing the 
ratios. 

Funamoto ** found a delay by acetazolam- 
ide (Diamox) in the restoration of ocular 
tension after compression. 


Twenty-six reviews on the chemistry and 
serology of proteins of the aqueous, elec- 
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trolytes, amino acids and enzymes, and re- 
ducing substances and on the dynamics of 
the aqueous formation and the effect of 
acetazolamide on this formation were re- 
ported in the symposium on the aqueous in 
Munich on May 14 and 15, 1956. Some of 
the papers also report results of more recent 
investigations. 

Munoz and Sampaolesi?* and Remky ** 
report micromethods for the determination 
of proteins in the aqueous. 

D’Ermo*® reports a new technique of 
electrophoretic fractionation of aqueous pro- 
teins which requires only 0.2 to 0.3 ml. of 
material. 


Appelmans and Michiels found in- 
creased protein concentration in the aqueous 
of rabbits after administration of 125 to 
375 mg. of acetazolamide orally or 20 mg. 
per kilogram intravenously or 1.5 gm. sul- 
fanilamide orally. 


Cagianut *° determined Na in serum and 
in aqueous of man and found 176.4+4.3 
and 162.9+4.3 mEq. per kilogram of H2O, 
respectively. The latter was depressed in 
inflammatory lesions. 

Steiger * determined by two-dimensional 
peper chromatography the amino acids in 
human aqueous of the anterior chamber. It 
differed from plasma and lens proteins as 
far as glutamic acid and lysine are con- 
cerned. 

Heinzen and Urech*® report that the 
time necessary for the Na** and heavy wa- 
ter injected intraperitoneally into rabbits to 
reach 50% of the plasma ievel in the aque- 
ous is not altered by 500 mg. of acetazol- 
amide given intravenously 90 minutes before 
the experiment. 

Berggren ** examined the distribution of 
phosphatases, esterases, and succinic de- 
hydrogenase in the corneal epithelium and 
endothelium, the ciliary epithelium, and the 
trabecular meshwork by histochemical meth- 
ods in man, chicken, rabbit, and golden ide 
(Idus idus). The endothelial cells of the 
meshwork showed the same range of activ- 
ity as the corneal endothelium. This sug- 
gests that these cells regulate the hydration 


of the trabecular meshwork in the same way 
as corneal endothelium regulates that of the 
cornea. 

Green and associates ** continued their in- 
vestigations on the corticosteroids in the 
aqueous humor of the rabbit eye. They 
subjected chloroform extracts of the aque- 
ous to paper chromatography with toluene- 
propylene-glycol as solvent and separated 
hydrocorticosterone from another still un- 
identified steroid. This substance had a 
much higher R-y in the solvent and was 
faintly positive to the NaOH blue tetrazo- 
lium test. It was extracted with methanol 
from the paper after the first chromatog- 
raphy and rechromatogrammed with form- 
amide-saturated cyclohexane-benzene, and 
again the spot was detected by the blue 
tetrazolium test, extracted with methanol. 
The chromatographic properties of this sub- 
stance suggest that it is a highly nonpolar 
corticosteroid and that it does not appear to 
possess a A*-3-keto group or an a, 8-unsatu- 
ration. Its quantity was estimated to 0.5yg. 
to lug. in 0.7 cc. of aqueous. 

Friedman and associates ** determined the 
rate of turnover of water of the anterior 
aqueous humor in rabbits by measuring the 
exchange of tritiated water between blood 
plasma and aqueous. The technique of the 
assay is described in detail. The rate of 
turnover was estimated between 5.2% per 
minute and 15.6% per minute, which is in 
general agreement with values previously 
reported in which the exchange between 
blood and aqueous was measured. The au- 
thors discuss also several sources of error 
which effect the accuracy of determinations 
of this exchange, particularly the influence 
of anesthesia, the difference between the 
concentrations of the isotopes in the ar- 
terial blood and in capillaries, the speed at 
which the isotope is distributed across the 
anterior chamber, and, finally, the role of 
the establishment of equilibrium through dif - 
fusional exchange of water between the 
various parts of the eye. 

Langham and Lee ** investigated the effect 
of acetazolamide under normal conditions 
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and after nephrectomy and administration 
of ammonium chloride on the composition 
of the aqueous, the rate of formation of the 
aqueous, and intraocular pressure. In the 
first series of experiments the influence of 
acetazolamide on the pH and the concen- 
tration of bicarbonate in aqueous and arte- 
rial blood were compared. In the second, 
the time of appearance of fluorescein under 
the influence of acetazolamide was studied 
and its effects on the maximum ascorbic 
acid level in the aqueous after injection 
into the blood stream were determined. In 
a third series of experiments changes in 
the intraocular pressure under the influence 
of acetazolamide and ammonium chloride 
during the period leading to a new steady 
state were measured. The immediate pur- 
pose of this investigation was to resolve 
the contradictions concerning changes in 
the chemistry of the aqueous between the 
findings of Green and associates and those 
of Becker. To this end, certain methodical 
drawbacks in previous experiments were 
eliminated by the authors. Adult rabbits of 
both sexes were used; the aqueous was 
tested for the presence of protein by pre- 
cipitation with TCA, and samples display- 
ing more than the normal clouding were 
rejected. pH determinations were carried 
out on the whole blood instead of on plasma 
at room temperature and were recalculated 
for the body temperature after a determina- 
tion of the temperature coefficients for blood 
and aqueous. The total COs of the blood 
and aqueous was determined by the mano- 
metric technique of van Slyke. The con- 
centration of bicarbonate was calculated 
from these values and the pH by the 
Henderson-Hasselbach equation. The intra- 
ocular pressure was measured according to 
Greaves and Perkins (1952) in anesthetized 
animals and by tonometry in conscious ani- 
mals. The concentrations of bicarbonate and 
hydroxyl ions in the aqueous exceeded those 
in the arterial plasma calculated from the 
blood values from the nomograms of van 
Slyke and Sendroy. The COs tension in the 
aqueous was found approximately equal to 
that in blood. Fifty minutes after injec- 
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tion of acetazolamide the pH of the blood 
was significantly below that in controls, but 
the concentration of bicarbonate remained 
unchanged. Consequently, pCO, in the 
blood increased significantly. In the aque- 
ous the pH was also lowered but remained 
significantly above that of blood. The bi- 
carbonate was lower than in the controls 
and closely approached that in the plasma. 
Thus the excess concentration of bicarbon- 
ate in the aqueous dropped nearly to zero 
within 50 minutes after acetazolamide ad- 
ministration. Two and one-half hours after 
injection of 20 or 100 mg. per kilogram, the 
pH of the blood was similar to that after 
15 minutes but the bicarbonate in the plasma 
had decreased significantly. Consequently, 
pCOsz, which increased after 15 minutes, 
came back to normal. pH and bicarbonate 
in the aqueous showed no change after 15 
minutes. However, owing to the decrease 
of bicarbonate in plasma, the excess of 
bicarbonate in the aqueous was almost the 
same as in untreated controls. The same 
type of experiments repeated on animals 
three hours after nephrectomy showed that 
in the untreated animals the pH and bicar- 
bonate in blood and aqueous humor were 
significantly below those in normal animals 
and, again, that the concentration of bicar- 
bonate was significantly above that in the 
blood and similar in value to that in normal 
rabbits. Thirty minutes after administra- 
tion of 50 mg. of acetazolamide per kilo- 
gram the pH of blood and aqueous humor 
dropped below that in untreated animals. 
The bicarbonate concentrations in both 
fluids were higher than in untreated animals 
and, again, the aqueous-to-plasma ratio of 
bicarbonate was normal. The effect of acet- 
azolamide on pH and total CO was also 
tested in animals after administration of 
ammonium chloride, 270 mg. per kilogram. 
Bicarbonate in the aqueous two and one-half 
hours after the administration of NH,Cl 
exceeded again that in the arterial plasma, 
but the excess was less than in the un- 
treated animals, and pH and bicarbonate in 
plasma as well as in aqueous were well be- 
low those in untreated animals. If, in addi- 
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tion to ammonium chloride, acetazolamide 
was given intravenously, the ratio of aque- 
ous to plasma of bicarbonate was similar 
to that in untreated animals. Acetazolam- 
ide had no significant effect on the aqueous- 
plasma ratio of sodium, neither 15 minutes 
nor 2% hours after administration of aceta- 
zolamide. The effect of acetazolamide on 
the transfer of ascorbic acid across the 
blood-aqueous barrier was studied by inject- 
ing the acid intravenously so that its level 
in plasma was 5 to 10 mg/100 ml., well in 
excess of the level of 2 to 3 mg. at which 
maximum levels in aqueous are obtained. 
The aqueous humor from one eye was re- 
moved three hours after the initial injec- 
tion, at which point a steady state prevailed, 
and the concentration of ascorbic acid was 
found to reach 70 mg/100 ml. When aceta- 
zolamide or ammonium chloride was given 
and the ascorbic acid in the aqueous of the 
second eye was determined three hours 
later, no change in the distribution between 
plasma and aqueous was found. The ef- 
fect of acetazolamide on the time of ap- 
pearance of fluorescein was studied in a 
rabbit anesthetized with urethan; 15 min- 
utes later 1 ml. of a 10% solution of sodium 
fluorescein was injected intravenously into 
the marginal ear vein within a period of 10 
seconds. It took about four minutes for 
fluorescein to pass in a significant amount 
into the anterior chamber. In 10 rabbits 
the mean time for fluorescein to appear 
in the area of the anterior chamber imme- 
diately adjacent to the lens was 248+26 
seconds. The ability of acetazolamide to 
modify the appearance time was studied 15, 
60, 180, and 360 minutes after the injec- 
tion. At the end of the first two periods the 
appearance times were significantly above 
the mean value of the control series, but 
later this difference disappeared, although 
acetazolamide was administered at hourly 
intervals. The same result was obtained 
whether 5 or 50 mg. of acetazolamide per 
kilogram was used. Nephrectomy itself had 
no significant effect on time of appearance, 
but ammonium chloride increased it to 
33530 seconds. The measurements of the 
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intraocular pressure were carried out with 
the Schietz X tonometer. In anesthetized 
rabbits the intraocular pressure fell slowly 
during a period of five hours. In conscious 
animals, however, it remained constant dur- 
ing this period. After administration of 
acetazolamide, 100 mg. per kilogram at once 
or 50 mg. per kilogram followed by 25 mg. 
per kilogram at hourly intervals, the pres- 
sure was brought down in 30 to 60 minutes 
by two to three divisions, but later there 
was a significant recovery towards the ini- 
tial values. Ammonium chloride produced 
a similar effect; however, the drop in the 
pressure remained low over a period of 
five hours. The authors point out that their 
results contradict the results obtained by 
Green and his associates and agree, as far 
as the effect of acetazolamide on the pH 
and bicarbonate on the aqueous is con- 
cerned, with those of Becker. Their obser- 
vations, however, on the effect on the pH 
and bicarbonate of the plasma disagree with 
the findings of Becker and of Becker and 
Constant, and lead to the conclusion that the 
ratio of aqueous to plasma of the bicarbon- 
ate is not changed by acetazolamide. They 
point out that the increase in the rate of 
formation of aqueous demonstrated by the 
fluorescein method, under the influence of 
acetazolamide, is only temporary, as the 
drug inhibits the carbonic anhydrase. They 
conclude that the activity of this enzyme 
cannot be essential to the accumulation of 
excess bicarbonate in the aqueous humor. 
The constancy of the steady-state ratios for 
sodium, hydroxyl, and bicarbonate ions, ac- 
cording to the authors, therefore, lends sup- 
port to the experimental evidence that the 
intraocular dynamics are not essentially ef- 
fected by acetazolamide. The disagreement 
with findings of Becker, who found that 
the rate of flow of the aqueous humor was 
depressed 60% by acetazolamide in condi- 
tions of steady state is explained by the 
authors by the fact that Becker used in his 
experiments nephrectomized rabbits in 
which the permeability of the blood-aqueous 
barrier was not normal. The decrease in the 
rate of flow of the aqueous humor under 
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the influence of acetazolamide is explained 
by a disturbance of the normal osmotic 
balance between the aqueous humor and the 
blood, which leads to a loss of bicarbonate. 
This loss is responsible for the temporarily 
decreased rate of formation. The transitory 
character of the depression of the ocular 
pressure is in agreement with the findings 
of Becker and of Becker and Constant. The 
prolonged decrease in the intraocular pres- 
sure observed in glaucoma patients may be 
due to the fact that certain homeostatic 
mechanisms which regulate the intraocular 
pressure are operating at normal levels of 
pressure and are eliminated or inadequate 
at higher pressure. This seems to be con- 
firmed by the fact that a depression of the 
intraocular pressure in glaucoma by miotic 
drugs removes also the depressing effect of 
acetazolamide on these eyes. The mecha- 
nisms by which acetazolamide apparently 
modifies the osmotic balance between the 
blood and the aqueous humor appears still 
unsolved but may be related to an increased 
acidity of the eye, which is only temporary. 
This could be due to a disproportionate in- 
hibition of carbonic anhydrase in different 
layers of the eye or to homeostatic mecha- 
nisms. 


Similar experiments were carried out by 
Green and his associates,?7 who studied the 
effect of an intravenous injection of a sin- 
gle dose of acetazolamide upon the pH and 


bicarbonate the blood 
plasma and of the anterior and posterior 
aqueous of the rabbit eye over varying pe- 
riods of time. Their results, however, do 
not agree completely with those of Lang- 
ham and Lee. The discrepancies so far 
could not be explained. Acetazolamide, 30 
mg. per kilogram of body weight, was given 
to adult rabbits. Samples of 20 to 30zl. 
of posterior aqueous and 0.1 to 0.2 ml. of 
the anterior aqueous and blood plasma were 
taken. The blood was heparinized. The 
fluids were drawn directly from the animal 
to the glass cell of the pH meter so that 
the pH could be measured under anaerobic 
conditions. The pH values were corrected to 
37 C, with use of the correction factors of 


concentrations of 
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Langham and Lee. The initial value for 
the bicarbonate and pH (for which dif- 
ferent animals were used) was determined 
in the aqueous of the one eye, while the 
aqueous of the other eye was analyzed at 
the indicated time period. In control experi- 
ments it was shown that paracentesis of 
one eye did not effect the values in the 
other eye. In the posterior chamber the 
bicarbonate concentration fell very fast, 
with a maximum decrease of 21% in 60 
minutes, and returned to normal after 3 
hours. In the anterior chamber the bicar- 
bonate decreased first very slowly and 
reached a minimum of 17% to 19% below 
the original initial value after about two 
hours. After a transient slight increase 
in the third hour, it went back to 80% of 
the original and remained so until the end of 
the eighth hour. It took about eight hours 
more for recovery. In the plasma the bi- 
carbonate was unchanged in the first three 
hours after acetazolamide injection and 
then also decreased by 22% in the following 
three hours and returned to normal after 
eight more hours. The pH in the anterior 
chamber fell slightly during the first two 
hours and continued to fall for the next 
four hours, while in plasma the situation 
again was different, as the pH remained 
unchanged for the first five hours after 
acetazolamide administration and a slight 
drop occurred only during the sixth hour. 
The authors discuss exhaustively the possi- 
ble significance of these results on the dy- 
namic of the aqueous formation. They 
point out that the lag between the plasma 
and the aqueous, as far as the decrease of 
the bicarbonate under the influence of aceta- 
zolamide is cannot be inter- 
terpreted unequivocally and that the action 
of the drug upon the eye is not secondary 
to renal or systemic effects. The return of 
the bicarbonate level to normal in the aque- 
ous at a time when it is going down in the 
plasma, however, speaks strongly in favor 
of a direct effect of acetazolamide upon the 
elaboration of bicarbonate into the posterior 
chamber. Its transient rise in the third 
hour after acetazolamide injection in the 


concerned, 
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anterior chamber can be explained as the 
result of the changes of concentration in 
the posterior chamber, but the subsequent 
fall suggests that some factor other than 
the level in the posterior chamber is the 
major determinant of the level in the an- 
terior chamber, and as this secondary drop 
coincides with the decrease in bicarbonate 
in blood, it suggests that, in addition to the 
secretion into the posterior chamber of bi- 
carbonate, the diffusion between the anterior 
chamber and the blood is a major factor in 
the elaboration of bicarbonate concentration 
in the aqueous. The results of the authors 
differ from those of Langham and Lee as 
far as the effect of acetazolamide on the pH 
of the aqueous is concerned, and the au- 
thors find no support in their results for 
the assumption that the drop in the bicar- 
bonate in the posterior chamber during the 
first 60 minutes after acetazolamide admin- 
istration is the result of changes in the pH. 
On the other hand, they point out that, 
while the initial drop in the bicarbonate 
concentration in the posterior chamber could 
be explained by the concomitant inhibition 
of the carbonic anhydride by the drug, the 
continuation of this low level three to six 
hours after the injection, when 50% of the 
carbonic anhydride activity has been re- 
stored, is incompatible with the concept that 
this enzyme is responsible for the rate of 
secretion of the aqueous. 

Becker ** investigated the role of ascorbic 
acid in maintaining the bicarbonate excess in 
the aqueous humor of the guinea pig, as well 
as the effect of acetazolamide on this con- 
centration, Of three groups of guinea pigs, 
one received a scorbutic diet; a second, a 
scorbutic diet plus 50 mg. of sodium ascor- 
bate daily subcutaneously (scorbutic con- 
trols), and the third was kept on a normal 
diet. In scorbutic animals, the level of 
ascorbic acid in the aqueous dropped to 
1/10 of its original value after 12 to 22 
days. The controls with ascorbic acid supple- 
ment gained 100% to 200% in the aqueous. 
Bicarbonate was determined in the posterior 
and anterior chambers as well as in heparin- 
ized cardiac blood by determining the total 
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carbon dioxide and calculating the bicar- 
bonate from pH values found for normal 
guinea pigs. Acetazolamide, 70 mg. of aceta- 
zolamide per kilogram was initially injected 
intraperitoneally, followed by 35 mg. per 
kilogram six times an hour. The bicarbon- 
ate in the posterior chamber was found to 
exceed the plasma value by 54%, while in 
the anterior chamber the excess was 439%. 
The scorbutic diet had no effect on the bi- 
carbonate concentration, nor did the ascorbic 
acid excess influence these values. This 
suggests that ascorbate is not necessary for 
maintaining the bicarbonate excess in the 
aqueous and is not an important factor in 
determining the rate of aqueous flow. Acet- 
azolamide injections decrease bicarbonate in 
both chambers. In the posterior chamber 
the excess over plasma was lowered to 30%, 
and in the aqueous, to 19%. These changes 
are consistent with an average decrease in 
the K¢:Kg ratio of 58%. The author points 
out that the failure of the ascorbate to alter 
the bicarbonate in the aqueous is consistent 
with the lack of change in the anterior cham- 
ber concentrations of sodium and chloride 
in scorbutic animals. The effects of aceta- 
zolamide are similar to those found in rab- 
bits, and the perfusion data in guinea pigs 
which indicate that the fall in the intraocular 
pressure occurs without alteration in outflow 
facility in this species, as in the rabbit and 
human, suggest, according to the author, the 
need for carbonic anhydrase for the main- 
tenance of the bicarbonate excess in the 
aqueous of the guinea pig. 

Green and associates ** investigated the 
steady-state distribution and concentrations 
of the bicarbonate in the anterior and pos- 
terior chambers when its level in the plasma 
was increased from about 20 mM per liter 
to about 30 mM per liter. This increase in 
the level was obtained by intravenous in- 
jections of 6 to 8 ml. per 10 minutes of 
1.3% NaHCOs; into rabbits. To deter- 
mine the effect of this higher level of bicar- 
bonate on the exchange of water in the 
anterior chamber, the intraocular pressure 
of the anesthetized rabbit eye was measured 
with a Schiotz tonometer and tonography 


Vol. 60, Oct., 1958 


PHYSIOLOGICAL CHEMISTRY OF EYE 


was performed with a Miller electronic 
tonometer. The maximum level of bicar- 
bonate in blood plasma was reached after 
60 minutes and maintained at a steady level 
for 4 hours. The maximum in the anterior 
and posterior chambers was somewhat de- 
layed but remained also constant later for 
four hours. The concentration in the an- 
terior chamber at this stage was 35 mM 
per liter, and in the posterior chamber, 44.1 
mM. The method used for the determina- 
tion was the usual procedure with an ac- 
curacy of +5%. There were no changes in 
the intraocular blood pressure, and the re- 
sults of tonography indicated also that there 
was no change in the rate at which the 
aqueous fluid left the anterior chamber. The 
authors point out that in the steady state 
at the increased level of bicarbonate in 
plasma the ratio between the concentrations 
in the posterior and anterior chambers was 
the same as under normal conditions. How- 
ever, the ratio of concentrations in both 
chambers to that of plasma was significantly 
lower. Under these conditions, the ratio of 
the rate of flow as a fraction of the volume 
of anterior chamber to the rate of diffu- 
sional exchange per minute between the 
anterior chamber and blood plasma is not 
constant with increasing bicarbonate level in 
the plasma. The authors conclude, therefore, 
that the source of the bicarbonate ion in the 
aqueous humor of the anterior chamber is 
not adequately defined by the current con- 
cepts based upon diffusional exchange with 
the blood and the differences between the 
quantities entering by flow from the pos- 
terior chamber and leaving at the angle. 
Maurice * determined the exchange of 
Na** between the vitreous and the aqueous 
body and the blood stream. This investiga- 
tion appears of particular interest in view of 
the fact that the exchange between the aque- 
ous and the vitreous seems to play a major 
role in the dynamic of the aqueous forma- 
tion. Sterile solutions of Na**Cl containing 


a little fluorescein were injected in amounts 
of 0.01 to 0.02 ml. into the vitreous in such 
a way that the injected fluid was located 
halfway between the retina and the posterior 
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lens surface. The rabbits, of mixed stock, 
under general anesthesia (ethyl chloride) 
were in one series of experiments killed at 
a determined period, and aqueous and 
vitreous samples were removed and their 
radioactivity was assayed in an F-10 liquid 
counter. To correct for the reentry of the 
labeled Na from the blood, the same deter- 
minations were carried out on the nonin- 
jected contralateral eye. In a second series 
of experiments, the amount of Na** which 
remained in the eye at various times after 
injection was determined with the help of 
an external Geiger-Miiller counter. The 
radioactivity of the active material and vari- 
ations in counter sensitivity were tested by 
measurements on a drop of the injected ma- 
terial dried on filter paper. Finally, the 
conductivity of the vitreous and the aque- 
ous was measured in a series of experiments 
with platinum wire electrodes by means of 
a 2.9 kc/s bridge. The injection was found 
to produce no significant changes in the eye 
except for an increase of the intraocular 
pressure to 32 mm. after the injection of 
0.01 ml. and to 79 mm. after injection of 
0.02 ml. After a delay of one hour, the 
Na** increased in the aqueous to reach a 
maximum after six hours, and this level 
was preserved for a considerable time. The 
ratio of the concentrations in the aqueous 
and in the vitreous in this steady state was 
0.020+0.01. After the steady state was 
reached, Na** disappeared from the vitreous 
at an exponential rate. The turnover rate 
at that point was calculated to 1.56 10-* 
min.~', in excellent agreement with values 
found by Friedenwald and Becker for the 
rate of penetration of Na** into the vitreous 
humor from the blood. The conductivity of 
the vitreous was in all measurements 3% to 
20% below that in the aqueous, with a 
medium value of about 10%. The mathe- 
matical treatment of the dynamic of the 
vitreous-blood exchange, made under the 
assumption that the shape of the vitreous 
body is roughly that of a sphere with the 
center removed, gives a transfer coefficient 
which is 10 times greater than the experi- 
mentally determined one. As the conduc- 
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tivity of the vitreous does not differ 
significantly from that of the aqueous, the 
author concludes that the limiting factor for 
this transfer is the resistance to diffusion 
of a membrane in the coats of the globe of 
the eye, and on the basis of the estimation 
of electrical resistance of various parts of 
the eyes the authors arrive at the conclu- 
sion that the resistance to the vitreous-blood 
exchange is located in the external limiting 
membrane of the retina. He also draws at- 
tention to the fact that in the rabbit only 
5% of the total posterior surface of the 
vitreous body contains retinal vessels and 
that in animals with a more extended vas- 
cularization of the retina the coefficients con- 
trolling the vitreous blood exchange may be 
very different. The calculation of the rate of 
the appearance of Na** in the aqueous, car- 
ried out under the assumption that the part 
of the vitreous which the labeled material 
has to pass is a flat cylinder with a radius 
equal to the distance between the site of 
injection and its border with the posterior 
chamber, yields theoretical values in good 
agreement with those observed. The author 
gives a detailed mathematical treatment of 
the dynamic of the exchange between the 
vitreous and the aqueous and compares his 
results with the experimental data of his 
own with those of Kinsey and Parron on 
labeled Na** and thiocyanate. This mathe- 
matical analysis of the initial stage of the 
vitreous-aqueous exchange offers a possibil- 
ity to eliminate certain difficulties in the 
mathematical treatment of the dynamic of 
the aqueous formation of Friedenwald and 
Becker. 

Davson and Luck *! determined the in- 
fluence of acetazolamide on the turnover of 
Na** injected systemically, in the aqueous 
and cerebrospinal fluid, and on the steady- 
state distributions of sugar, chloride, and 
bicarbonate between plasma and these fluids. 
Rabbits, dogs, rats, cats, and monkeys were 
investigated. Na** was given either by con- 
tinuous intravenous injection or by a single 
intraperitoneal injection. Acetazolamide, 100 
mg. per kilogram of body weight, was given 
intravenously either one hour or immediately 
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before the infusion began. The aqueous was 
removed immediately before acetazolamide 
injection from one eye and two and one- 
half hours later from the other. Acetazol- 
amide was found to be without significant 
influence on the rate of turnover of Na** 
in the aqueous but to depress the turnover 
in the cerebrospinal fluid by about 409%. 
The maximum decrease consistent with the 
experimental data for the aqueous could 
have been 6.5%. This seems difficult to 
reconcile with the generally held opinion that 
acetazolamide decreases the rate of secre- 
tion of the aqueous by more than 60%. 
The authors point out, however, that, in 
presence of such a slowing down of the 
aqueous flow, the diffusion component of 
the aqueous-blood-barrier exchange is very 
high and difficult to assess and, therefore, 
that relatively small changes in the turnover 
rate of Na** can result in spite of a visible 
inhibition of the secretion of the aqueous. 
The different behavior in the cerebrospinal 
fluid after acetazolamide injection is held 
to be due to a smaller role of the diffusion 
factor, as the diffusional exchange of ions 
between plasma, on the one hand, and the 
cerebrospinal fluid and extracellular fluid 
of the nervous tissue, on the other, takes 
place at about the same rate, so that no 
appreciable gradients of concentration of 
Na** between these two fluids are present 
during the approach to equilibrium. Aceta- 
zolamide was found to be without influence 
on the steady-state distribution of sugar in 
either the aqueous or the cerebrospinal 
fluid. In the case of ions the steady state 
distributions were very differently affected 
by acetazolamide in individual species. In 
those species in which the concentration of 
the ion in the aqueous exceeds that in the 
plasma, injections of acetazolamide tended 
to depress the concentration of the ion. The 
concentration of ions which was normally 
lower in the aqueous, on the contrary, in 
general was increased. The effect of aceta- 
zolamide, therefore, was to shift the levels 
of the ions in the aqueous in the direction 
of the levels in the plasma. The authors 
suggest, therefore, that acetazolamide mainly 
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may affect quantitatively and _ possibly 
qualitatively the composition of the secreted 
fluids rather than to depress the flow itself, 
although both factors may be influenced. 
They also point out that the interpretations 
of the decrease in the intraocular pressure 
caused by acetazolamide if due to the de- 
crease of secretion of the aqueous is con- 
fronted with several difficulties and cannot 
be regarded as completely conclusive. 
Harris and associates ** investigated more 
extensively the aqueous-to-serum  steady- 
state ratios of potassium and sodium in 
normal rabbits and rabbits treated with 
various hypotensive drugs. This investiga- 
tion was stimulated by incidental observa- 
tions that these aqueous-to-serum ratios in 
the individual rabbits were not identical, 
which suggested involvement of secretion 
processes in the elaboration of concentra- 
tions of these ions. Aqueous of rabbits, 
monkeys, and humans was examined. The 
two cations were determined by flame pho- 
tometry. The animals were only locally 
anesthetized. The aqueous-serum ratio for 
potassium was in excess of 1 in the rabbit. 
The sodium ratio was uniformly lower, with 
much greater scattering for potassium. In 
the other species, however, the potassium 
ratio was below 1. In the monkey the ratios 
were about equal. In the cat, the potassium 
ratio was in the 80's, against 0.97 for 
sodium. The same relation was found in 
one normal eye for humans, where the 
potassium ratio was below 0.9. The ratio 
of 1.03 for potassium in rabbit is at vari- 
ance with that of 0.89 found by Langham 
and Taylor, and the reason for this dis- 
crepancy could not be found. As the move- 
ments of radioactive cations from plasma 
to aqueous did not indicate any difference 
in the rate between the potassium and so- 
dium, the author concludes that the distri- 
bution of potassium is actively controlled. 
Results on the influence of ocular hypoten- 
sive drugs seem to agree with this conclu- 
sion. Acetazolamide led to a decrease in 
serum and aqueous potassium, with essen- 
tially unaltered steady-state ratio, while so- 
dium concentration remained unchanged. 
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The change in potassium required at least 
.30 mg. of dibenamine per kilogram, while 
changes of bicarbonate were obtained with 
as little as 5 mg. of the same drug, which 
inhibits aqueous formation and which 
showed effects similar to those of acetazol- 
amide. Two other hypotensive drugs, di- 
chlorophenamide, 30 times as potent an 
inhibitor of carbonic anhydrase as aceta- 
zolamide, and chlorothiazide, a weak car- 
bonic anhydrase inhibitor, were tested. The 
first drug was a strong hypotensive agent; 
the second, without effect on the ocular 
pressure. Correspondingly, the first drug in 
low dosage produced a fairly marked de- 
crease in serum and aqueous; 5 mg. had the 
same effect as 50 mg. of acetazolamide. 
Chlorothiazide had little effect. The author 
concludes that the formation of aqueous 
cannot be accounted for solely by the active 
transfer of one anion or one cation but that 
possibly the secretion of the whole aqueous 
is involved and dependent upon the compo- 
sition of the blood plasma. He points out 
that the relation between experimentally 
found changes of bicarbonate and potassium 
in the aqueous runs in an opposite sense to 
those found in many clinical and laboratory 
situations, and this difference may be a re- 
flection of the correlation between hydrogen 
ion and potassium levels. 

Wistrand ** investigated the effect of 
acetazolamide administered by intracarotid 
injection on the intraocular pressure to de- 
termine whether the depressing effect of the 
drug is due to a direct action on the eye 
or is an indirect one brought about by sys- 
temic changes. The intraocular pressure was 
measured by a manometric method with 
cannulation of the anterior chamber. As the 
intraocular pressure of rabbits was found 
to be very sensitive to cannulation, cats of 
2.5 to 5 kg. body weight were chosen for 
the experiments. Owing to the instability 
of the intraocular pressure caused by can- 
nulation, the experimentally obtained values 
showed wide scattering. The author gave a 
detailed description of the cannulation, the 
operative procedure, the manometer, and 
the technique of the intracarotid injection. 
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Before the start of the experiment the ani- 
mals were given injections of promethazine 
to reduce the instability of the intraocular 
pressure and of heparin to eliminate blood 
coagulation. After insertion of the eye pres- 
sure cannulae, sulfadimidine, an analogue of 
acetazolamide with no significant effect on 
carbonic anhydrase, was injected first into 
both carotids; the infusion syringe only of 
one carotid was then switched to the con- 
tainer with acetazolamide, so that one eye 
was perfused with acetazolamide and the 
control eye with sulfadimidine during the 
whole experimental procedure. The effect 
of acetazolamide was measured on the out- 
flow pressure, which was defined as the 
determined intraocular pressure minus the 
episcleral venal pressure, which was not 
measured but assumed to be the same in 
cats as in man and rabbits, about 13 cm. 
HO. The intraocular pressure on both 
sides was considered to be stable if for 10 
minutes the outflow pressure did not vary 
by more than 20%. The duration of the 
acetazolamide perfusion was 15 to 30 min- 
utes. Owing to the wide scattering of the 
values of the intraocular pressure, the 
changes in the acetazolamide-perfused eye 
against the control were not always in the 
same direction. The mean value, however, 
from all eight animals was lower than those 
from controls, and the maximum depres- 
sion of the mean was reached eight minutes 
after the start of the perfusion. The mean 
intraocular pressure decreased during the 
period of perfusion in both eyes. The de- 
crease in the mean outflow pressure in the 
acetazolamide-perfused eye was 63%, which 
agrees with the values obtained by Gloster 
and Perkins (1955) after intravenous in- 
jection of 50 mg. of acetazolamide per 
kilogram into cats. This corresponded, how- 
ever, to a drop in the intraocular pressure 
from the mean of 30.2 to 28 cm. of H2O, 
with a range of intraocular pressures be- 
tween 16.5 and 35.8 cm. of H2O. The au- 
thor points out that the negative results of 
Gloster and Perkins with the intracarotid 
injection of acetazolamide in the rabbit are 
probably due to 50 to 300 times as large a 


652 


A. M. A. ARCHIVES OF OPHTHALMOLOGY 


dosage per unit time, which increased the 
acetazolamide concentration in the control 
eye very rapidly to a level at which it al- 
ready maximally depressed the intraocular 
pressure. The author reaches no answer to 
the question why the subconjunctival ad- 
ministration of acetazolamide failed to show 
any effect on the intraocular pressure. 
Barany and associates ** investigated the 
slimy and highly viscous mucinous layer 
which covers the endothelial surface of the 
cornea of certain owls. The animal chosen 
was Strix aluco. Five animals, weighing 
about 400 gm. each, were used. In a first 
series of experiments the penetration of 
fluorescein injected into the anterior cham- 
ber was observed under anesthesia with the 
slit lamp and Zeiss stereodissecting micro- 
scope. They observed that the mixing of 
fluorescein with the aqueous is a much 
slower process than in ordinary eyes and 
that there is a gradient of viscosity within 
the anterior chamber, the more viscous layer 
being closer to the cornea. It seemed possi- 
ble that the circulation of the aqueous takes 
place only close to the lens and iris. This 
was confirmed by an experiment in which a 
small amount of India ink was deposited 
close to the center of the pupil with a 
needle through the limbus. The ink spread 
instantaneously over the iris, extending to 
the chamber angle. The same phenomenon 
was observed in another set of experiments 
in which homogenized cream was injected 
into the posterior chamber with a needle 
through the posterior part of the eye. The 
cream appeared in the pupil but did not rise 
appreciably above the pupillary part, spread- 
ing mostly laterally. Later it spread into the 
bulk of the aqueous, but a clean space was 
visible close to the cornea. Finally, aqueous 
humor was removed from the owl’s eye in 
form of an elastic jelly which could be 
pulled in form of threads. This jelly rap- 
idly liquified in contact with bacterial 
hyaluronidase. Its relative viscosity meas- 
ured after fivefold dilution and addition of 
diethyldithiocarbamate was found to be 1.60 
at 20 C and dropped to 1.08 in the course 
of one hour after addition of 6 viscosity- 
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reducing units (VRU) per milliliter of a 
testicular hyaluronidase. The authors sug- 
gest that the mucinous layer is produced by 
the corneal endothelium and is analogous to 
the mucinous hyaluronidase-sensitive coating 
on the trabeculae, which probably is also 
produced by the endothelial cells covering 
the trabeculae. Its physiological function 
may be to restrict the circulation of the 
aqueous to a smaller volume of the anterior 
chamber, which in the owl appears exces- 
sively wide. 

Berggren and Vrabec * investigated the 
effect of various hyaluronidase preparations 
on the morphology in vivo of the trabeculae 
of the angle of the anterior chamber. The 
experiments were carried out on cattle, 
sheep, and rabbit eyes. The anterior cham- 
ber was perfused, according to previously 
described techniques, until the maximum of 
the resistance flow was obtained, and four 
different hyaluronidase preparations, namely, 
a testicular, a staphylococcal, a bee venom, 
and a snake venom hyaluronidase were in- 
jected. As soon as the resistance dropped, 
the anterior parts of the eyes were im- 
mediately cut meridoneally and the eyes 
were fixed in 10% formalin for 24 hours. 
Replicas of the trabecular meshwork were 
then made according to the technique of 
Vrabec with 5% chloroform solution of 
methyl methacrylate, and the changes in 
the appearance of the trabecular and inter- 
trabecular spaces were recorded by inspec- 
tion by independently working 
investigators. Changes were seen in 8 of 10 
pairs of cattle eyes and 9 of 10 pairs of 
rabbit eyes, which made the observation 
highly significant. They consisted in sharper 
outlines of the trabeculae and in the in- 
creased depth of the lapses between them. 
The impression was that in the enzyme- 
treated eyes some substance had _ been 
removed. The other preparations of hyalu- 
ronidase produced similar changes. To 
prove that the morphological changes coin- 
cide with the drop in resistance, one eye of 
an animal was perfused one hour longer 
after the maximum drop in resistance was 
achieved. There was no difference in mor- 
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phology between the two eyes. The drop in 
resistance due to the massage effect was 
not associated with corresponding mor- 
phological changes. On the other hand, 
when replicas of the trabeculae were made 
four hours after the perfusion with hyalu- 
ronidase was interrupted, the restitution of 
the coating of the trabeculae, which pre- 
viously was observed by physiological 
means, appeared also in the restitution to 
normal of the amorphous substance in the 
intertrabecular spaces. This substance 
proved to be resistant to hyaluronidase. 
When the replicas were made 24 hours after 
the restitution instead of 4 hours afterward, 
the trabecular substance showed character- 
istic beady formations, the significance of 
which is unknown. The authors conclude 
that their morphological studies are in agree- 
ment with the physiological experiments of 
Barany, and their interpretation. They 
consider that the intertrabecular substance, 
responsible for the flow resistance of the 
angle, is composed of several elements, only 
one of which responds to hyaluronidase 
treatment. Different preparations of the en- 
zyme with identical activities produce about 
the same effects, and the hyaluronidase- 
sensitive substance can, therefore, be re- 
garded as hyaluronic acid. The presence of 
a hyaluronidase-insensitive material in res- 
titution experiments is due either to an 
increase of those constituents of the inter- 
trabecular substances which were insensitive 
to hyaluronidase from the beginning or to 
the formation of a newly formed constituent. 
The authors also report that an increase in 
this hyaluronidase-insensitive substance was 
observed in the eye contralateral to that in 
which the treatment with hyaluronidase was 
carried out. 

Bock and associates ** investigated the 
presence of a substance in the aqueous of 
normal persons and patients with simple and 
inflammatory glaucoma which causes the 
dilatation of capillaries in the ear of rabbit 
after cutting of the nerves. This substance 
was found to be present in nerves of the 
posterior sensory routes and not be identical 
with acetylcholine, adenosine phosphate, or 
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histamine, from which it can be distin- 
guished by the character of its pharmacologi- 
cal effects. The aqueous was injected 8 to 
28 days after the nerves of the ears were 
cut; the effect was estimated by compari- 
son with the other, noninjected, ear. Fresh 
aqueous did not produce any capillary reac- 
tions. This was found to be due to the 
presence of an enzyme which rapidly de- 
stroyed the substance. Aqueous of patients 
with glaucoma when heated to boiling point 
before injection showed a definite dilatory 
effect on the capillaries. This was not the 
case with the aqueous of normal persons. 
The aqueous from simple glaucoma cases 
was much more effective than that from 
cases of inflammatory glaucoma. The au- 
thors believe that this might be due to a 
higher concentration of the destroying en- 
zyme in the aqueous of the latter cases. Con- 
trol experiments on the content of choline 
esterase in the aqueous indicate that the 
two enzymes are not parallel in the aqueous. 
The capillary-dilating substance from ex- 
tracts in posterior sensory routes is also in- 
activated by the aqueous. This suggests an 
identity of the capillary-dilating agent of 
the aqueous with that in the sensory routes. 
Aqueous of cattle was also found to be free 
of the dilating substance. The authors sug- 
gest that the presence of the capillary- 
dilating substance in simple glaucoma might 
indicate a certain role of capillary dilatation 
which so far had not been discovered in 
cases of simple glaucoma. 

Duke-Elder and Maurice ** proposed a 
unified system of symbols to be used in the 
mathematical treatment of intraocular dy- 
namics. 

Berggren ** checked the findings of Leach 
and Lloyd (1955 and 1956) that unsatu- 
rated aldehyde of the oil of lemon peels, 
citral, produces in monkeys and rabbits an 
ocular hypotension and an epithelial dam- 
age in the canal of Schlemm or the angular 
trabeculae. Citral, 10 mg. per kilogram, was 
injected in 25% alcoholic solution subcu- 
taneously in four rabbits and the intraocular 
pressure was determined with a Schiotz 
tonometer three and six hours later. The 
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first injection was followed after 5 days 
with repeated injections of higher doses, 
which were increased after 12 days to 1000 
mg. per kilogram. The intraocular pressure 
was measured daily during 21 days. No 
changes in comparison with the normal ani- 
mals were found under the influence of 
citral. 


Siegert ** reports results of a few experi- 
ments on the concentration of total lipids 
and cholesterol in glaucoma patients as 
compared with normal controls and cataract 
patients. The purpose was to obtain indi- 
cations of whether hypothyroidism is in- 
volved in the pathogenesis of glaucoma. No 
significant difference was found in the 
cholesterol levels, but the total lipids, with 
an average value from 77 persons of 1000 
mg. %, with variations between 925 and 
1037 mg. %, appeared higher than those 
reported in the literature for normal per- 
sons. The difference, however, was much 
smaller than that found in cases of hypo- 
thyroidism. 


Lens 


Resnik prepared an_ ultracentrifugally 
homogeneous a-crystallin from beef lenses 
and determined its molecular size from 
sedimentation and diffusion constants. The 
method of preparation was a combination 
of the older procedure of Burky and Wood 
and the most recent procedure of Francois 
and associates. The decapsulated lenses 
were stripped of the cortex in the cold 
and homogenized in an equal volume of 
ice-cold distilled water. The homogenate 
was centrifuged for 30 minutes between 
15,000 and 20,000 g, and the supernatant 
solution was adjusted to pH 5 with HCl. 
The precipitate was removed by centrifuga- 
tion, and ethanol was added to a concentra- 
tion of 13%, at a temperature between 3 
and 10 C. This second precipitate corre- 
sponded to Frangois’ az-crystallin. Both 
precipitates were dissolved in a diluted 
NaOH solution to a pH between 6.5 and 7 
and were reprecipitated two or three times. 
The solution was dialyzed against distilled 
water for 24 to 48 hours, during which time 
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a precipitate appeared which was discarded. 
The supernatant contained only one com- 
ponent in the ultracentrifugate. Since the 
material precipitated by 13% ethanol was 
precipitated at pH 5, the author concludes 
that the differentiation between a;- and ae- 
crystallin of Frangois is not justified, as the 
ethanol is only necessary for complete pre- 
cipitation of a-crystallin at pH 5. S* of 
the preparations in barbital acetate buffer 
of pH 7.5 and 0.20 M NaCl was 18.8, and 
its dependence on salt concentration was 
not completely consistent with various 
preparations. There was no difference in 
between and a2. Diffusion measure- 
ments were carried out at 40 C in a 
Spinco Model II electrophoresis diffusion 
apparatus, and the sedimentation con- 
stants led, under the assumption of 
0.74 for V*°, to a molecular weight of 
1,000,000, slightly lower than the value re- 
ported by Francois, which was obtained 
with a light-scattering method. The ratio 
of the friction coefficients for a-crystallin 
to the friction coefficient of an anhydrous 
sphere of the same size was 1.78. The 
a-crystallin appears, therefore, as an asym- 
metric molecule. 

Francois and Rabaey*! continued their 
interesting studies on the lens protein, 
which was found in animal lenses to be 
formed only during the embryonal develop- 
ment and in the first few months of the 
postnatal life. They have investigated the 
presence of this protein in human lenses 
and at the same time have determined the 
changes in the electrophoretic pattern of 
proteins from human lenses related to the 
age of the persons. The electrophoresis was 
carried out according to the procedure of 
Grassmann and Hannig with the apparatus 
Elphor H in a barbital acetate buffer pH 
8.6, ionic strength 0.1. They first found 
that the pherograms from lenses of children 
showed four components, the fastest sharp- 
ly separated from the three slower compo- 
nents, which do not separate as clearly from 
each other. This behavior differentiates 
lenses of children from lenses of all so-far- 
investigated mammals, except young go- 
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rillas. The fastest fraction resembles, on 
the basis of its mobility and other proper- 
ties, a-crystallin from other animals. The 
results obtained by paper electrophoresis of 
lenticular extracts from adults were not 
clear-cut and were very difficult to interpret, 
as in lenses from middle-aged persons, for 
instance, no clear separation whatsoever of 
any fractions could be obtained, but all the 
proteins seemed to migrate in bulk. This 
suggests that the adult lens contains pro- 
teins which differ from those in the young 
lens and that with the age the proteins of 
the young are subjected to chemical trans- 
formations. The authors then studied the 
transition from the pattern seen in young 
children of about 3 months of age to that 
of young adults in their 20's. They found 
that as early as at the age of 10 years the 
characteristic pattern of the younger chil- 
dren is almost completely lost, and they 
stress these rapid senile changes, which do 
not take place at all, for instance, in lenses 
of horses, even at the age of 15 years. The 
changes observed in the first few years of 
life mainly concern the slowest Fraction 4, 
which decreases continuously, while Frac- 
tion 2 increases at the same time. This 
development seems to continue later, al- 
though quantitative measurements are ex- 
tremely difficult after 10 years of age. A 
series of observations was also made on 


the protein composition in various layers 
of the human lens. 


These determinations 
also have bearing on the problem of senile 
changes, as the nucleus contains older fibers 
than the cortex. Furthermore, the deter- 
minations on individual layers of the lens 
provide clearer patterns which are easier to 
evaluate and determine quantitatively. As 
could be expected, there was little difference 
in the patterns between the cortex and nu- 
cleus of lenses from normal infants and 
from prematurely born infants. The small 
differences which were observed concerned 
a-crystallin, which was somewhat decreased 
in the nucleus, and mainly Fraction 4, 
which was considerably higher. This trend 
also showed up when lenses were divided 
into three or four layers. In this type of 


655 


| 


fractionation, differences could also be ob- 
served between Fraction 2 and Fraction 3, 
the latter somewhat predominating in the 
nuclear part. If the percentage of the first 
three fractions is calculated, with elimina- 
tion of Fraction 4, it is seen that the 
quantity of Fraction 1 remains constant 
throughout the various layers of the young 
lens, while Fraction 2 predominates in the 
cortex as compared with Fraction 3, which 
predominates in the nucleus. A quantitative 
fractionation was to some extent still feas- 
ible in adults aged 24 years. It was found 
that Fraction 4 is significantly lower at this 
age than in neonatal lenses. This loss in 
Fraction 4 is compensated by an increase 
in Fractions 2 and 3, while Fraction 1 
shows about the same percentage. The com- 
parison of the total amounts of protein in 
lenses of 24-year-old persons and neonatal 
lenses shows that Fraction 4 is not synthe- 
sized at all from the end of infancy on, 
while the other protein fractions increase 
percentually to about the same extent. This, 
therefore, demonstrates the presence also 
in humans of a protein which is formed 
only during the embryonal period and the 
early stages of infancy. In agreement with 
that, it was found that Fraction 4 in young 
adults is localized in the nuclear part of the 
lens. This increase in Fraction 4 is at the 
expense of a-crystallin. The ratios between 
Fractions 2 and 3 follow the trend found in 
neonatal lenses. To test how far the four 
protein fractions found in human lenses can 
be regarded as homogeneous fractions, a 
series of experiments were carried out with 
a newly developed method of ultramicro 
electrophoresis in agar gel, which makes it 
possible to investigate minute quantities of 
proteins and to obtain electrophoretic pat- 
terns of embryonic lenses during the initial 
stages of evolution; O.lng. of protein can 
be analyzed with this method, which is 
described in detail. The quantitative evalua- 
tion of the patterns is carried out with the 
aid of a sensitive densimeter, and the den- 
sity curves are integrated with the aid of 
planimetry or by weighing the prospective 
zones. The method permits one to study 
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simultaneously electrophoretic patterns of 
several samples which are to be compared, 
and the conditions can be arranged in such 
a way that, for instance, only a-crystallin 
migrates to the anode, while all the other 
fractions migrate toward the cathode, which 
makes the separation particularly clear. 
With this method it was possible to split 
the lenticular protein of an infant into at 
least 10 different components, which are 
distinguished as 2 rapid, 3 slow, and 5 
middle fractions. The rapid fractions were 
found to increase with decreasing age of 
the lenticular fibers. Among the five middle 
fractions, Fraction 4 is predominant in in- 
fants and shows a relative decrease before 
the age of 4 years. Among the slow frac- 
tions, the slowest also decreases in quantity 
during the first few years of life and is 
also slower in the cortical part as compared 
with the nuclear part. In the adult lens the 
patterns in agar electrophoresis are entirely 
dominated by the middle fractions. With 
senescence, the middle Fractions 1 to 3 
come to the fore, as compared with the 
Fraction 4 which was predominant in the 
infant. The authors point out that the in- 
terpretation of changes with the age is made 
difficult by the conversion of soluble pro- 
teins to insoluble albuminoid with progress- 
ing age. 

Orzalesi and Miglior ** report about fur- 
ther experiments with the precipitation of 
lens proteins of the rabbit with basic pro- 
teins like protamine, lysozyme, and_his- 
tones. They studied the effect of these 
proteins on electrophoretic patterns of rab- 
bit lens proteins. The electrophoresis was 
carried out according to the technique of 
Grassman and Hannig at pH 8.9 in barbital 
buffer, ionic strength 0.1. The pH was 
around 7.3. They showed that addition of 
basic proteins at sufficient concentration 
eliminates completely e-crystallin from the 
pherograms. At lower concentration one 
part of the a-crystallin is still visible. If 
an excess of basic protein is added, these 
proteins migrate to the cathode. At the 
right concentration a complex between al! 
the a-crystallin and the basic protein is 
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formed which precipitates. When serum is 
added to the lenticular extract containing 
protamines, the latter are digested by the 
protaminase of the serum. This leads to a 
dissolution of the precipitate, and when the 
supernatant is then subjected to electro- 
phoresis a-crystallin, which previously dis- 
appeared from the supernatant of the 
precipitation, reappears. The authors point 
out the similarity between the behavior in 
this respect of a-crystallin and the a-glob- 
ulins of serum and report that when mix- 
tures of lenticular homogenates and serum 
are subjected to paper electrophoresis the 
e-globulin and e-crystallin appear as one 
spot. They stress the possible significance 
of these findings for the etiology of certain 
forms of cataracts, as basic proteins had 
been previously shown by the authors to be 
able to produce precipitation in the lens in 
vivo after having been injected into the 
vitreous. 

The increase of cystine in lens proteins 
with progressing age and in cataracts sug- 
gested to Merola and Kinoshita ** the idea 
of investigating the ability of SH groups 
of lens proteins to undergo oxidation. The 
experiments were carried out on homog- 
enates of lenses of freshly slaughtered cat- 
tle which were prepared in a Waring 
Blendor at 5 C under nitrogen in isotonic 
tris buffer at pH 7.4. One lens was homog- 
enized in 20 cc. of buffer, and the homog- 
enate was separated from the albuminoid 
by centrifugation at 10,000 g for 15 minutes 
at 5 C. As oxygen itself has no effect on 
the SH groups of lens proteins and oxida- 
tion by hydrogen transfer to some easily 
reducible substances present in excess in- 
volves the danger of secondary protein 
changes, the reactivity of SH groups was 
measured with use of catalytic amounts of 
Cut++ (210-5 M) in pure oxygen. Ex- 
periments were carried out at 25 and 37 C. 
Sample aliquots of the homogenates were 
taken out at one-hour intervals, and SH 
groups were determined by amperimetric 
titration. The thiolic groups of glutathione 
were determined in the filtrates from pre- 
cipitation of proteins with sulfosalicylic acid 
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by the nitroprusside method. The oxidized 
glutathione was determined after electro- 
lytic reduction to reduced glutathione. The 
method of Roe (1954) was used for the 
determination of ascorbic acid. Glutathione 
was found under these conditions to be 
completely oxidized in one hour, while it 
took five hours to oxidize it completely in 
absence of cupric ions. It could be recov- 
ered from its disulfide form by electrolytic 
reduction. In contrast to the ease with 
which glutathione is oxidized, the thiolic 
groups of proteins were found under the 
conditions of the authors to be very little 
accessible to oxidation. At 25 C as well as 
at 37 C no more than 7% of the total 
amount was found to be oxidized in five 
hours. That glutathione in these experi- 
ments did not protect the proteins was 
shown by removing the first one on a 
Dowex 1 column, which did not remove any 
proteins. The same results were true with 
experiments on dialyzed homogenates. 
These results suggested that the thiolic 
groups of proteins are masked in some way 
and not available for oxidation. This was 
borne out by experiments in which a re- 
versible denaturation of these proteins was 
achieved with 8 M urea solutions. Under 
these conditions the oxidation of thiolic 
groups of protein was markedly increased, 
much more at 37 C than at 25 C. Prelim- 
inary experiments have shown an increase 
also in the oxygen uptake of the homog- 
enate. At the same time, however, the 
interesting and so-far-unexplained observa- 
tion was made that in presence of 8 M 
urea the oxidation of glutathione was mark- 
edly inhibited, although urea in absence of 
proteins did not affect the oxidation of 
glutathione by cupric ions. The authors 
conclude from these experiments that dur- 
ing the aging and formation of cataract 
denaturation processes occur in the lens 
which unfold the protein chains and make 
their thiolic groups more available for oxi- 
dation. 

Roberts ** investigated whether rabbit 
antisera against rat kidney glomeruli, which, 
according to Cruickshank and Hill (1953), 


657 


Hl 


A. M. A. ARCHIVES OF OPHTHALMOLOGY 


combine with other basal membranes in the 
rat, show also a similar affinity for struc- 
tures in the eye. The method for the 
demonstration of the antigen-antibody com- 
binations was that of Coons and Kaplan 
(1950), based on labeling of the antibodies 
with fluorescein isocyanate and demonstra- 
tion of the labeled product by green 
fluorescence in ultraviolet light. Whole 
glomeruli, prepared according to Hill and 
Cruickshank (1953), were injected intra- 
peritoneally into rabbits, six doses at week- 
ly intervals. A globulin fraction from the 
antiserum as well as from a normal control 
serum of rabbits was prepared by precipi- 
tation with 50% ethanol at —10 C. Both 
globulin fractions were then coupled with 
fluorescein. Frozen sections of the rat eye 
and rat kidney were prepared and incubated 
with the fluorescent, normal, and antirat 
glomerular globulins for two and one-half 
hours at 37 C. After removal of the sur- 
plus globulin, the sections were dried and 
their fluorescence in 360 my light was ex- 
amined. The most pronounced fluorescence 
was found in the lens capsule, which by 
itself did not show any disturbing autofluo- 
rescence. Fluorescent membrane between 
epithelium and stroma was also seen in the 
iris and beneath the ciliary epithelium and 
within the ciliary body. The structures in 
the posterior segment and in the cornea 
could not be examined because of nonspe- 
cific staining and autofluorescence. The 
binding of the antirat glomerular globulin 
by the lens capsule indicates that the lens 
capsule is a structure analagous to basal 
membranes, as was suggested in 1954 by 
Dische, similarity which also appears in the 
composition of the characteristic polysac- 
charides found in the lens capsule and in 
the reticulum structures. 

Mizukawa and Takagi ™® studied the anti- 
genicities of various proteins of the lens. 
They found that the albuminoid is a much 
stronger antigen than soluble proteins and 
is of the Arthus type, while the soluble 
proteins are of the tuberculin type. The 
polysaccharide of the lens capsule was anti- 
genic in presence of lens proteins. 
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Suzue °* prepared extracts of lens capsule 
of beef polysaccharides, which proved to be 
antigenic in rabbits by precipitin and skin- 
test reactions. A mixture of lens proteins 
enhanced the antigenicity of the polysac- 
charides. 

This author ** also confirmed by paper 
chromatography the previous findings of 
others that the polysaccharide of the lens 
capsule contains galactose and glucose and 
no hexosamines. 

Zeller and Devi ** determined the concen- 
tration of exo- and endopeptidases in hu- 
man normal and cataractous lenses as well 
as in lenses of rabbits with mature x-ray 
cataracts and corresponding normal con- 
trols. The exopeptidases were determined 
by the rate of liberation of free amino acids 
from glycyl-t-leucine (GL), L-leucylglycine 
(LG) and L-leucylglycylglycine. The liber- 
ated amino acid was measured by the 
amount of oxygen which was consumed in 
the solution in presence of the L-amino acids 
oxidase of snake venom which oxidizes 
very rapidly L-amino acids. The endopep- 
tidases of chymotrypsin character were 
measured by manometric determination of 
the hydrolysis of L-phenylalanine ethylester 
and that of trypsin character by that of 
benzoyl-L-arginine ethylester. The human 
lens was found to contain considerable N 
exopeptidase activity which was not re- 
duced in cataract. A marked drop, on the 
other hand, was seen in the chymotrypsi- 
nase of the human lens. By contrast, the 
endopeptidase of rabbit lenses was much 
lower in cataract due to x-rays. This was 
also true for chymotrypsinase activity. 

Ambrosio ** found carbonic anhydrase in 
the capsule as well as in the cortex and 
nucleus of the lens. 

Waley ™ continued his important inves- 
tigations on acid peptides of the lens. In 
a first series of experiments ophthalmic 
acid was obtained in the crystallin state and 
another peptide was found, the composition 
of which was identified as that of the next 
lower homologue of ophthalmic acid. The 
peptide is called norophthalmic acid. The 
isolation of ophthalmic acid was achieved 
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by the combination of absorption of this 
compound on an anion-exchange resin, and 
its subsequent separation from contaminat- 
ing phosphorus-containing compounds on 
a cation-exchange resin, with final chromat- 
ographic fractionation on paper and elution 
of the separated ophthalmic acid. The pep- 
tides of calf lenses macerated with water 
were exhaustively absorbed by stirring with 
three batches of Amberlite IR-4B acetate, 
and the resin was transferred to a chromat- 
ographic tube of 4 cm. diameter and eluted 
with 2 N HCl, 250 ml. per hour for three 
hours. The HCl was first removed by shak- 
ing of the eluate with N-methyl-dioctyl- 
amine in CHCl;, and the excess base was 
then removed with CHCls. The cation- 
exchange resin was Dowex 50 (200-400 
mesh) 12% cross linked. The eluate from 
the anion-exchange column was percolated 


through this column, and elution was 
effected with 3% NHgs solution. Four 
fractions of the eluate which contained 


ninhydrin-positive material were combined 
to about 3 ml. This solution, which con- 
tained ophthalmic acid and other acid 
peptides, was subjected to paper chromatog- 
raphy with phenol as solvent and developed 
with ninhydrin. The spots with the Ry of 
that of alanine were eluated and evaporated 
to a brown syrup, which was dissolved in 
water. This solution was treated with 0.3 
M copper acetate solution, and the crystallin 
copper salt of ophthalmic acid which sep- 
arated (6 mg. from 100 gm. of calf lenses) 
was collected. A warm solution § of 
8-hydroxyquinoline in CHCl; was added 
to the powdered copper salt and suspended 
in water, and, after removal of the CHCl, 
layer, the extraction with CHCl; was re- 
peated until the layer was colorless. For 
further purification the CHCl; layers were 
extracted with water and the combined 
aqueous layers, after threefold extractions 
with CHCls, were concentrated to a small 
volume and diluted with ethyl acetate till 
turbid. The initial precipitate was spun 
down, and the crystallin ophthalmic acid 
was separated slowly from the supernatant. 
Ophthalmic acid was completely hydrolyzed 
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in eight hours by carboxypeptidase, and the 
products of hydrolysis were identified by 
paper chromatography in butanol acetic 
acid. Two spots appeared, corresponding 
to glycine and to y-L-glutamyl-DL-a-amino- 
butyric acid, which was identified by com- 
parison with the synthetic dipeptide. The 
paper chromatogram of the brown syrup 
containing ophthalmic acid showed a spot 
immediately following that of ophthalmic 
acid, which, after elution and repeated pa- 
per chromatography in butanol acetic acid, 
was freed from ophthalmic acid and treated 
with 1-fluoro-2-4-dinitrobenzene in aqueous 
ethanol containing triethylamine carbonate. 
Glutamic acid was found to be the end- 
terminal amino acid in this peptide, while 
glycine was split off as C-terminal amino 
acid by carboxypeptidase. Alanine was the 
third amino acid in the tripeptide, which 
thus appears as the lower homologue of 
ophthalmic acid. The author points out the 
similarity of structure of ophthalmic acid 
and norophthalmic acid with that of gluta- 
thione and the fact that these two first 
tripeptides have not been found so far in 
tissues other than the lens. 

After the elucidation of the composition 
of ophthalmic acid, there still remained the 
preblem of whether the glutamyl is bound 
in the y- or a-form. The author ® decided 
this by comparing the mobility of ophthal- 
mic acid in paper electrophoresis at pH 4 
with that of various y- and e-glutamyl di- 
and tripeptides. It was found that the 
y-peptides have about twice as high a mo- 
bility in pyridine acetic acid buffer than the 
a-peptides. Ophthalmic acid in this respect 
behaved like the y-peptides. The final proof 
of the structure was achieved by a synthesis 
of ophthalmic acid from benzoxycarbonyl- 
L-a-amino-n-butyrylglycine ethyl ester pre- 
pared by the mixed-anhydride method. It 
was separated from the a-isomer by frac- 
tionated extraction from an organic solvent 
by aqueous alkali. This synthetic tripep- 
tide was found to be indistinguishable from 
the ophthalmic acid from the lens by the use 
of paper chromatography and paper elec- 
trophoresis, as well as by the x-ray powder 
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diagrams of the free tripeptides. The au- 
thor points out that the similarity between 
the structure of ophthalmic acid and nor- 
ophthalmic acid and glutathione suggests 
some important biological role associated 
with this structural similarity. 

Klethi and Mandel ™ carried out a com- 
plete chromatographic analysis of nucleotides 
of the lens of the calf eye. The eyes were 
taken out immediately after death, frozen, 
and homogenized in 0.6 N HCIQO, at 0 C. 
The acid was removed by neutralization with 
KOH at —5 C, and the precipitate was 
centrifuged off. The supernatant was frac- 
tionated on Dowex 1 (200-400 mesh), ac- 
cording to Schmitz (1954). Identification 
of individual peaks of the chromatogram 
was carried out by the absorption curves in 
the ultraviolet; P determinations, according 
to Briggs; pentose, according to Mejbaum, 
and paper chromatography with isobytyrate 
ammonia (100:60), propanol ammonia 
water (60:30:10), and tertiarybutanol CHI 
0.3 N. UDP glucose and galactose were 
identified by paper chromatography with 
pyridine ethyl acetate H2O; UDP acetyl 
glucosamine, by the reaction according to 
Aminoff; the pyridine nucleotides, accord- 
ing to Colowick. Of the total nucleotides, 
54% were found to be adenine nucleotides, 
of which 71.5% was ATP and 10.4% was 
MP. In addition, the two pyridine nucleo- 
tides and the three uridine and guanine 
nucleotides were found, one peak corres- 
ponded to CMP. 

Dardenne and Piitter® determined the 
concentration of CoA in individual lenses of 
calf, cattle, pig, and human. They found in 
the calf, as the average of 12 determinations, 
25.4ug. (21.lpg. to 28.2ug.) per gram; in 
cattle, only 16.2ug. (13.2ug. to 21.2ug.) per 
gram, and in the pig, in 4 determinations, 
19.5ug. (17.5ug. to 22.3ug.) per gram. In 
young normal human lenses (16 to 21 
years), in three determinations, the value 
was 33.3ug. (30pg. to 37g.) per gram; in 
old persons (49 to 60 years), (16g. 
to 27yng.), while in cataractous lenses, in five 
determinations, only 7.7yg. (3.lug. to 
15.2ug.) per gram. The authors stress the 
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high level of coenzyme A in the lens as 
compared with the muscle in rabbits, in 
which only half as much CoA was found as 
in the calf lens. The high values in younger 
persons as compared with older ones were 
found to be due to differences between the 
cortical and nuclear parts of the lens, the 
latter containing even in the calf only about 
half as much as the first. This indicates, 
according to the authors, an involvement of 
coenzyme A in the metabolism of the lens. 
As the citric acid cycle and the fat metabo- 
lism were found to play a minor role in the 
lenticular metabolism, they suggest that the 
CoA in the lens plays a major role in the 
very active protein metabolism, as indicated 
by the high turnover rate of the lens com- 
ponents. 

Kinoshita and Masurat “ carried out ex- 
periments to illustrate the possible relation- 
ship between glutathione and carbohydrate 
metabolism and to establish the conditions of 
the stability of the glutathione in the lens 
and its possible binding by lens proteins. In 
the first series of experiments the hypothesis 
was tested that the activity of the glutathione 
reductase is coupled with the dehydrogena- 
ses of the shunt pathway in the lens insofar 
as it supplies the latter with the oxidized 
TPN necessary for the oxidation of glucose- 
6-phosphate, and in this sense replaces the 
function of the cytochrome system in res- 
piratory processes. In these experiments the 
effect of oxidized glutathione on the oxida- 
tion of the carbon 1 of glucose was exam- 
ined by measuring the labeling of COs 
produced during the incubation of a lens 
homogenate with C'*-glucose labeled in car- 
bon 1. The incubation of cattle lens homo- 
genates was carried out in phosphate buffer, 
in Krebs-Ringer solution, or with addition 
of bovine aqueous humor. It was found 
with the first buffer that oxidized glutathione 
increased the oxidation of carbon of glucose 
by 88%. This was not the case with the 
two other media, which the authors 
explain by assuming that re- 
oxidation of TPNH in phosphate buffer is 
not as rapid as its formation by the dehy- 
drogenases of the shunt mechanism and, 
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therefore, that the increase in the oxidation 
of TPNH by oxidized glutathione increases 
also the oxidation of glucose. This some- 
what surprising explanation appears to be 
consistent with the observation that oxidized 
glutathione in phosphate buffer increases the 
amount of COs so that it is equal to that 
observed in other buffers and by the obser- 
vation that oxidized glutathione increased 
oxidation of C 1 also in aqueous humor 
when N-ethylmaleimide (NEM) was added, 
which irreversibly with SH 
groups. The measurements of the activity 
of glutathione reductase by two different 
methods showed that the turnover in this 
enzyme reaction is about 10 times as high 
as the rate of production of TPNH in the 
shunt mechanism and, therefore, is com- 
pletely adequate to provide the necessary 
TPN for the shunt mechanism. The authors 
show also that this relation between glu- 
tathione reductase and the dehydrogenases 
of the shunt mechanisms holds also for other 
tissues, with the sole exception of the ad- 
renal gland, in which there is a special situ- 
ation due to the role of TPNH in the 
synthesis of steroids. In a second series of 
experiments the stability of glutathione in 
lens homogenates was measured by incubat- 
ing these homogenates at 38 C_ with 
glutathione and various other peptides con- 
taining glycine and measuring either the 
relation of free glycine or the increase in 
the ninhydrin-reactive components. In the 
case of glutathione the release of cysteinyl- 
glycine was also measured. It was found 
that, while the homogenates under these con- 
ditions split peptides which have an e- 
glutamyl bond, glutathione, which contains 
the y-glutamyl bond, resists hydrolysis al- 
most completely. Finally, the physical state of 
glutathione in the lens was investigated by 
measuring the extractability of glutathione 
from rabbit lenses in iso- , hypo- and hyper- 
tonic phosphate buffers. In isotonic buffer 
there was no glutathione passed from the 
lens to the surrounding medium. In hypo- or 
hypertonic media, however, there was initially 
a rapid extraction during the first two hours 
which dropped sharply in the following two- 
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hour period and finally stopped altogether 
at a moment when about 20% of glutathione 
was in the surrounding medium and 80% 
remained inside the lens. This did not cor- 
respond to a state of equilibrium, because 
the transfer of the lens at the end of the 
extraction period to a fresh medium did not 
cause any further extraction of glutathione. 
The extracted amount could be increased 
only by adding 3.0 M of urea or 1.5 M of 
guanidine hydrochloride, which caused much 
higher extraction. This was not due to the 
higher tonicity of the medium, as these two 
denaturing agents could not be replaced by 
equivalent amounts of glucose or NaCl. The 
authors conclude from their experiments 
that 80% of the glutathione is somehow 
bound inside the lens fibers and not available 
for diffusional exchange. In addition, there 
is under normal conditions an impermea- 
bility of the lens surface membranes for 
glutathione which disappears only in hypo- 
or hypertonic solutions. The possibility 
should, however, be considered that this 
unequal distribution of glutathione between 
the lens and the surrounding medium could 
be the result of the morphological inhomo- 
geneity of the lens. It must be kept in mind 
that the epithelium of the rabbit lens repre- 
sents about 5% of the mass of the lens and 
contains probably several times as much 
glutathione as the average value for the 
whole lens. If only the epithelium and a 
thin ring of young lens fibers, which also 
have a very high glutathione level, were 
damaged by the deviation from isotonicity, 
while the remaining parts of the lens would 
resist the injury, the unequal distribution 
between lens and environment could be ex- 
plained. 

Wachtl and Kinsey © investigated the uti- 
lization of glucose and two other hexoses— 
galactose and fructose—and of xylose by 
rabbit lens in tissue culture and the effect of 
these four sugars on the mitotic activity of 
the epithelial cells of the lens. The lenses 
were cultured in two modifications of the 
standard lens-culture medium previously de- 
scribed by the authors. In one modification 
0.8% of rabbit plasma was added to the 
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medium. In the second modification the 
nucleosides and e-ketoglutaric acid were 
omitted in the standard medium and glu- 
tamine and TPN were added. This second 
medium was able to support a normal level 
of mitosis in cultured lenses for nine hours. 
The lenses were cultured at 37 C at pH 
7.55 in an atmosphere of 88% nitrogen, 
7% oxygen, and 5% COs. They utilized 
glucose at a rate dependent on concentra- 
tion between 125 and 250 mg. % of sub- 
strate. The lactate-to-glucose ratio varied 
between 0.4 and 0.91. Galactose was utilized 
to a less extent and increased with the 
concentration in the same range. The 
lactate-carbohydrate ratio varied between 
0.28 and 0.62. A still greater dependence 
on concentration was observed in presence 
of fructose. All of the fructose metabolized 
could be recovered as lactate when the 
concentration was 125 mg. %. At 250 mg. 
% the ratio of lactate to fructose declined. 
Xylose was used up at about the same rate 
as galactose but did not produce any lactate. 
When these sugars were added together 
with glucose, then glucose was utilized pref- 
erentially, the utilization of galactose and 
xylose not being significantly changed by 
glucose. The mitotic activity proved to be 
completely dependent upon the presence of 
glucose, and the other sugars could only sup- 
port mitosis at a small fraction of the nor- 
rate. There no significant 
influence of these sugars when they were 


mal was 
present in the medium together with glu- 
cose. 

Delogu studied the influence of galac- 
tose on survival of the lens cultures in 
vitro. Rabbit lenses kept in Ringer solu- 
tion gained 4.2% in weight when the solu- 
tion contained 1% galactose as compared 
with 3.3% when it contained 1.1% glucose. 

Cinsa and co-workers ® found the amide 
of nicotinic acid in the lens, whereas the 
aqueous contained the acid itself. 

Heinrichs and Harris® investigated 
changes with age in the ability of the lens 
to respond to stress by measuring the re- 
covery from the water and cation shift in- 
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duced by refrigeration. These experiments 
were stimulated by previous observations 
that age of the lens alters the responses to 
high glucose level and to deprivation of 
glucose. The experiments were carried out 
on fresh intact rabbit lenses which were 
extracted with particular care taken not to 
touch the lens surface. Lenses varying in 
weight between 65 and more than 125 mg. 
were used for the experiment, the weight of 
the lens being taken as indicative of the age 
of the animal. They were refrigerated for 
40 to 44 hours at 0 C and then transferred 
to a water bath of 37 C, incubated for an 
additional six hours, and dried for 48 hours 
at 105 C; the dried material was weighed 
and dry-ashed with a drop of concentrated 
sulfuric acid. K and Na were then deter- 
mined by flame photometry. No significant 
differences in the initial content in sodium 
were found in the size range studied. When 
recovery was carried out in a modified Ty- 
rode solution, the extent to which the lenses 
recovered in per cent of the original concen- 
tration of cations was found to be inversely 
proportional to the size of the lens. Thus, 
4- to 6-week-old albino rabbits recovered 
completely, whereas lenses from 4 to 12- 
month-old albino rabbits, only 50%. When 
lenses were incubated at a higher concentra- 
tion of glucose, 500 mg/100 cc., no exact 
correlation between the effect of high glu- 
cose concentrations and the age of the lens 
was observed, although cation recovery was 
changed in every lens, in the sense that the 
recovery of K concentration was reduced 
while that of Na was not. These observa- 
tions indicate a dissociation of the movement 
of the two cations. When lenses were in- 
cubated in absence of any glucose in the 
surrounding medium, lenses of 4- to 6-week- 
old rabbits recovered to a certain extent but 
not those of older animals. Here, again, 
there was a disparity between movements of 
K and Na. A similar dissociation was ob- 
served when lenses of animals of different 
ages were incubated at 37 C without prior 
refrigeration. In presence of glucose the 
concentration of Na remained constant dur- 
ing 40 hours of incubation but increased in 
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absence of glucose while the concentration 
of K in both instances tended to rise. When 
refrigerated lenses were incubated in ab- 
sence of glucose and under anaerobic condi- 
tions, no recovery of cations occurred at all. 
The authors believe that these results are 
due to a reduced metabolic level in older 
lenses. They discuss the possibility that 
younger lenses possess an alternative metab- 
olic pathway which makes it possible for 
them to retain their cations when incubated 
in absence of glucose. They also interpret 
their results as indicating a separate pump 
for potassium and sodium, which appear not 
to be completely linked to each other. They 
assume that the unlinked portion of potas- 
sium movements during recovery does not 
require glucose in younger lenses, whereas 
the independent movement of sodium is 
completely dependent upon an exogenous 
glucose supply. 

Farkas and Paterson ® reviewed previous 
experiments on the influence of insulin on 
glucose uptake by lenses in vitro and report 
new experiments which were undertaken to 
explain the fact that insulin decreases the 
glucose uptake when injected in vivo but 
does not decrease it when added to the lens 
in vitro. When all viscera except the liver 
were removed from rabbits, the insulin ef- 
fect on the lens after injection in vivo still 
was demonstrable, and at the same time it 
was found that the uptake of glucose by the 
lens in these animals was appreciably in- 
creased even without insulin. This suggests 
that the effect of in vivo injected insulin on 
the glucose uptake by the lens may be due 
to the effect of the hormone on the liver, 
which leads to the production of a substance 
which influences the glucose uptake by the 
lens. An inhibitor of the glucose uptake 
may be present in other internal organs. 

Dische and associates ™ continued their 
experiments on the changes in the chemistry 
of lens proteins and in protein synthesis 
during the development of galactose cata- 
ract. They showed that the inhibition of the 
synthesis of soluble proteins is already 
found during the six-day period after the 
start of galactose feeding. As the inhibition 
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varies between 60% and 100%, these data 
indicate that the inhibition appears imme- 
diately or almost immediately after the level 
of galactose in the blood decreases. The in- 
crease in the protein which precipitates after 
oxidation of the lens homogenate with 
K3Fe(CN )¢ is also demonstrable to the full 
extent after six days. The fractionation of 
the lens proteins in normal and galactose-fed 
rats has shown that this protein, precipitable 
after oxidation, is present in the B-crystallin 
fraction and not in the a-crystallin fraction. 
The presence of a-crystallin exerted an in- 
hibitory effect on the precipitation of this 
protein. Such a precipitable fraction was 
also found in the f-crystallin prepared from 
lenses of 2-week-old rabbits, but it was 
absent in the f-crystallin prepared from 
6-month-old rabbits and absent in the B- 
crystallin of 4-month-old calves. The authors 
assume, therefore, that the amount of this 
protein, which is only demonstrable in lenses 
of young animals, is related to the rate of 
protein synthesis in the lens, as expressed 
by the amount of protein synthesized per 
unit volume. They also suggest that the 
cataractous changes due to galactose feeding 
are the result of the discrepancy between 
the rate of synthesis of soluble proteins and 
the insoluble albuminoid which is not sig- 
nificantly affected by galactose. This dis- 
crepancy, in combination with changes of 
the lens volume which were found to take 
place, leads to a dilution of the soluble pro- 
teins inside the fibers and to an increase of 
the concentration of albuminoid. If the lat- 
ter is deposited on the surface of fibers, this 
increase in the concentration may lead to 
metabolic disturbances by influencing the 
exchange of nutrients. 

Ogino and his associate reported in- 
teresting findings on the cataractogenic 
properties of various quinoid substances. 
This investigation represents a follow-up 
of previous findings of these authors on the 
excretion of naphthoquinones in the urines 
of naphthaline-treated rabbits and on the 
enhancement of the effect of galactose feed- 
ings by tyrosine and its oxidized metabolic 
products. In a first series of experiments 
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the authors showed that ether extracts of 
patients with senile cataracts (eight cases) 
injected into guinea pigs weighing about 
300 gm., which were kept on a ascorbic 
acid-deficient diet for five days, produced 
cataractous changes after a few days, while 
controls injected with identical ether extracts 
from noncataractous ophthalmological cases 
did not have such an effect. The substance 
which was extracted with ether from the 
urine acidified with HCl was found to be 
not precipitated by lead acetate and lead 
subacetate but was precipitated by the 
Hopkins-Cole reagent (HgSO,-H2SO,). 
The authors isolated two cataractogenic sub- 
stances from the urine of cataract patients 
by ether extraction, purification with lead 
acetate, and precipitation with the Hopkins- 
Cole reagent, which by paper chromatog- 
raphy with m-butanol acetic acid water and 
by melting points of crystalline substances 
were identified as anthranilic and 5-hy- 
droxylanthranilic acid; 25 mg. of the first 
and 10 mg. of the second compound were 
obtained from 12 liters of urine. The 


authors then prepared the quinonimine- 


carboxylic acid from 5-hydroxylanthranilic 
acid by oxidation with bromine and showed 
that injection of this substance obtained 
as oxidation product of 15 to 20 mg. of 
hydroxylanthranilic acid produced cataracts 
in scorbutic guinea pigs. The isolation pro- 
cedure used for the anthranilic and hy- 
droxyanthranilic acid carried out on urine 
from noncataractous patients did not yield 
any of these two compounds. The authors 
suggest, therefore, that disorders of the 
tryptophan metabolism are an important 
pathogenic factor in senile cataracts. 

In a second series of experiments Ogino 
and associate ™ report that they were able 
to produce cataracts in scorbutic guinea 
pigs by injections of 10 mg. of 2,4-dini- 
trophenol, while control animals, which, in 
addition to the ascorbic acid-deficient diet, 
received 2 mg. of ascorbic acid daily, did 
not develop any cataracts. It is unfor- 
tunately not clear from the paper whether 
the 10 mg. of dinitrophenol was given only 
once or daily. As dinitrophenol is oxidized 
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in the animal body to numerous oxidation 
products, a series of such intermediates was 
also tested for their cataractogenic proper- 
ties. These were found in p-nitrophenol, 
2-nitro-4-aminophenol, 2-amino-4-nitro-_ 
phenol, and  4-nitro-6-cyclohexylphenol. 
It appears, therefore, that the para position 
between the hydroxyl and a nitro or amino 
group is essential for the cataractogenic 
properties. In an attempt to isolate the 
cataractogenic agent which possibly was 
formed from dinitrophenol and its oxidation 
products, the urine was extracted ex- 
haustiveiy with ether and precipitated first 
with lead acetate and then with the Hopkins- 
Cole reagent, which was found to precipitate 
the cataractogenic substance. The authors 
isolated in crystalline form a black-brown 
substance which on the basis of its ultra- 
violet absorption and its physical and 
chemical reactions was identified tentatively 
as 2-amino-f-quinonimine prepared syn- 
thetically by bromine oxidation from 2,4-di- 
amino phenol. This substance was found to 
be excreted in combination with acetic acid 
in the urine of animals fed 2,4-dinitro- 
phenol. 

In a third paper the authors *™ report 
the histological findings on  cataractous 
lenses obtained by feeding naphthalene, dini- 
trophenol, and quinonimine-carboxylic acid, 
as well as galactose plus tyrosine, to guinea 
pigs on ascorbic acid-deficient diet. The in- 
vestigation was also extended to rats given 
alloxan, which received tyrosine daily when 
they became diabetic. The naphthalene 
cataracts were produced in male albino 
rabbits of 2000 gm. weight eight or more 
days after the beginning of the feeding. 
The diabetic cataracts were investigated on 
100 gm. albino rats whick were first given 
35 mg. of alloxan intravenously and became 
diabetic two days later. They received 100 
mg. of tyrosine daily, starting on the fifth 
day of the experiment and 90% of the 
animals showed cataractous changes two 
weeks later. The other forms of cataracts 
were studied in guinea pigs on ascorbic acid- 
deficient diet. In all cataracts similar 
changes were observed and reported, which 
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consisted in vascularization predominantly 
in the equatorial region and degenerative 
changes and swelling of epithelium and lens 
fibers. The findings of Ogino and associates 
suggest that quinones, as strongly oxidizing 
agents, may induce cataractous changes when 
the reducing substances of the lens, namely, 
glutathione and ascorbic acid, are totally or 
partially removed from the lens. It is clear, 
therefore, that these substances cannot be 
the primary cause of cataract, but they may 
represent a complimentary factor necessary 
for the formation of certain types of cat- 
aract. It must be noted, however, that the 
role of these substances as cataractogenic 
agents is at present difficult to assess be- 
cause of the importance of the concentra- 
tion factor. The amounts of substances 
necessary to produce experimental cataracts 
apparently are of an order which is not com- 
parable in the least degree with the con- 
centrations which occur in vivo. 

Van Heyningen and Pirie ** took up an 
investigation started in 1953 on the effect 
of x-ray irradiation of rabbit lenses on their 
hexokinase activities. These experiments 
were suggested by the work of Nordmann 
and Mandel (1955) and Mandel and 
Schmidt (1956), who reported a sharp de- 
crease in the activity of these enzymes two 
to four days after irradiation. The right 
eye received a single dose of x-rays of 
1400 r. The left eye served as a control. 
Two series of experiments were carried out, 
one on 17- to 23-week-old animals which 
were killed 17 to 37 weeks after irradiation, 
when the lens was partially or completely 
opaque, and another on rabbits 6 to 8 weeks 
old, which were killed two to seven days 
after irradiation. The lenses were ground 
with sand and mixed with an equal volume 
of a phosphate buffer of pH 7.8 which con- 
tained 0.15 M of sodium fluoride. In addi- 
tion, MgCle, 0.015 M; KCl, 0.125 M, and 
glucose, 1 mg. per milliliter, were added to 
the fluid. One sample of a lens suspension 
was immediately deproteinized; the other 
was incubated at 37 C for four hours, after 
which the reaction was stopped by deprotein- 
ization with TCA. The activity of hexo- 
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kinase was determined by determining the 
amount of glucose which disappeared. In 
the second series of experiments a purified 
preparation of phospho hexokinase was 
added to the incubation fluid to assure a 
complete removal of hexose monophosphate 
by phosphorylation and, therefore, avoid the 
objection that the accumulation product of 
hexokinase activity influenced the enzyme. 
In these experiments, with much younger 
animals, which showed a much higher hexo- 
kinase activity per lens, it was possible to 
use a greater dilution of lens and to measure 
the disappearance of glucose after a period | 
of one and one-half hours. The amount of 
hexokinase was chosen so that it was at 
least five times the amount needed to re- 
move the hexose monophosphate as fast 
as it was formed. The glucose was measured 
by the method of Nelson (1944). The ir- 
radiated eyes did not show any differences 
in their hexokinase activity in comparison 
with the controls until the lenses were al- 
most completely opaque. Even in the latter 
case, the activity of the enzyme remained 
unchanged in some of the lenses, while in 
others it dropped between 25% and 75%. 
In these cases the decrease in hexokinase 
activity also showed up in a higher level of 
glucose in the lens. The authors discuss 
possible reasons for the discrepancy be- 
tween their results and those of Nordmann 
and Mandel. 

Flanders and Pirie * examined the effect 
of higher oxygen tension in the atmosphere 
on the susceptibility of the lens to x-rays. 
As a measure of this susceptibility they used 
changes in the glutathione content of rabbit 
lenses. The experiments were carried out 
in such a way that the experimental rabbits 
were exposed to an atmosphere of 95% 
oxygen plus 5% COs, while the controls 
remained in a normal atmosphere. To ac- 
celerate the exchange of oxygen in the 
aqueous, the pressure of the gas was raised 
to 2 atmospheres for 15 minutes and then 
reduced to atmospheric pressure 5 minutes 
before irradiation. Irradiated eyes were 
examined with the slit lamp and ophthal- 
moscope at weekly intervals and_ the 
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the animals were killed when the lens opaci- 
ties, according to previous experience, could 
be assumed to be associated with a loss of 
glutathione of about one-half or two-thirds 
of the original amount. The eyes were dis- 
sected out, and the lenses were removed, 
weighed, and precipitated with 10% TCA. 
The glutathione was determined in the 
supernatants. The animals irradiated in 
oxygen and the animals irradiated in air 
were from the same litter. In seven such 
littermates the dose of x-ray necessary to 
produce an equal effect in the two litter- 
mates was found to be on the average 24% 
higher in the air than in oxygen of 1 atmos- 
phere pressure. The authors point out that 
the lens was at 809% of the maximum sensi- 
tivity when the oxygen tension was about 
15 mm. Hg. This agrees with what was 
found about the relation of sensitivity and 
oxygen tension in the case of the ascites 
tumor of the mouse. 
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Varga and Gergely ** estimated the length 
of molecules of hyaluronic acid prepared 
by electrophoresis from cattle vitreous using 
flow birefringence measurements. The eyes 
were obtained from 1- to 2-year-old steers 
one hour after killing-and were stored until 
used at 5 C. Posterior portions of the 
vitreous body were dialyzed for 24 hours 
at 5 C against 4 liters of phosphate buffer 
pH 7 and the material was centrifuged in 
the preparative ultracentrifuge at 80,000 g. 
The supernatant was concentrated to one- 
eighth of its original volume by pervapora- 
tion at 4 C and again dialyzed. Hyaluronic 
acid solution, 3.5 ml., was removed from 
the Tiselius apparatus and subjected to a 
reelectrophoresis so that only one peak was 
found. The analysis of nitrogen, glucos- 
amine, glucuronic acid, and sulfur showed 
that no more than 3.5% protein and 1% 
chondroitin sulfate were present in the 
preparation. The calculation of the length 
of the molecule at different velocity 
gradients changed from lower to higher 
gradients from 1550 to 1750 A., indicating 


666 


. M. A. ARCHIVES OF OPHTHALMOLOGY 


only a low degree of polydispersity. The 
authors, however, point out that a higher 
degree of polydispersity could be masked by 
the flexibility of the chain of hyaluronic 
acid, which at higher shear could gain in 
length. The authors compare their results 
with those obtained with light-scattering and 
sedimentation and diffusion measurements. 
The higher value of 3000 A., in their 
opinion, is not correct and is due to the 
polydispersity of preparations of hyaluronic 
acid used for the measurements. The lower 
value of 1000 A., obtained by sedimentation 
and diffusion, may be due to the fact that 
preparations which were measured in this 
way were obtained by solvent fractionation 
procedures, which lead to a certain degrada- 
tion of the material. They believe, there- 
fore, that their values are most likely to be 
the correct ones. 

Laurent ** summarized his investigations 
on the physicochemical properties of 
hyaluronic acid, which were carried out be- 
tween 1951 and 1957, using light-scattering 
viscosity and streaming dielectricity as well 
as x-ray diffraction measurements. 

To determine whether the methods of 
isolation of hyaluronic acid are responsible 
for the great variations found in molecular 
sizes, Laurent ** used hyaluronic acid from 
five different tissues, namely, umbilical cord, 
vitreous body, synovia, skin, and cock’s 
comb, prepared by the method of Scott, 
which is based on removal of protein by 
papain digestion and precipitation of the 
mucopolysaccharide with  cetylpyridinium 
chloride. It was found that the hyaluronic 
acid from the vitreous body had a molecular 
weight of 310°, which was the lowest 
value of all five, in agreement with observa- 
tions of Bix and Snellman (1945). To test 
the influease of methods of separation, 
hyaluronic acid from vitreous body was pre- 
pared in two different ways, namely, by 
the Scott procedure and one based on pre- 
cipitation of proteins at high and low ionic 
strengths. Comparable molecular weights 
were found in both preparations, although 
the preparation obtained without enzyme 
treatment represented a multicomponent 
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system characterized by the presence of a 
large-particle fraction, which is probably 
due to the formation of aggregation between 
small amounts of protein and hyaluronic 
acid molecules. Papain had no depolymeriz- 
ing effect on hyaluronic acid in the author’s 
experiments, but it reduced viscosity. The 
experiments on hyaluronic acid from um- 
bilical cord, prepared according to the Scott 
method and two other methods, showed 
molecular weights of the same magnitude 
but widely different limiting viscosity 
numbers. The author concludes that these 
molecules differ by their solvent-draining 
capacity, owing to weak intramolecular 
bonds between the different parts of the 
polysaccharide chain. These linkages should 
not influence the shape of the molecule, how- 
ever. 

An amorphous x-ray diffractogram of 
hyaluronic acid was evaluated by Laurent 
with the aid of a Fourier analysis. 

In x-ray diffraction studies Laurent *” 
investigated whether hyaluronic acid in 
water induces a greater order in the water 
lattice of the whole bulk of the solution 
comparable to the influence of lowering the 
temperature, but no changes of the pure 
water diffractions comparable to tempera- 
ture decrease were observed in 2% 
tions of hyaluronic acid. 

To study the problem of sulfation of 
hyaluronic acid, the carboxyl groups of 
the latter were coupled with cetylpyridinium 
ions by Laurent.*' The compound formed 
was insoluble in water but soluble in lower 
alcohols. Its light scattering and viscosity 
were studied in methanol. In spite of the 
coupling of the polysaccharide to a large 
polyelectrolyte ion, the molecule was found 
more coiled than in aqueous solution, which 
shows the importance of water and charged 
groups on the molecular chain for its con- 
figurational state. 

Sugiura “* found by electron microscopy, 
x-ray diffraction, and infrared spectroscopy 
that the fine fibrils of the 
primitive collagen fibrils. 

Yamada * reports that hyaluronidase in- 
jected into the vitreous in vivo or in vitro 
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causes degeneration of vitreous fibers which 
can be observed by phase microscopy. 

Schweer and Pook ™ applied the biuret 
reaction used by Ditterbrandt for protein 
determinations in the cerebrospinal fluid and 
by Weichselbaum for determinations of the 
plasma proteins, for the determinations of 
proteins in the vitreous. When various dilu- 
tions of plasma proteins were used as 
standards, the protein concentrations found 
by these methods in the vitreous were about 
50% higher than those obtained by micro- 
Kjeldahl determinations or proteins precipi- 
tated with TCA. This is due to the fact 
that one-third of the total nitrogen of the 
vitreous was found to be present as non- 
protein nitrogen, which is not precipitated 
by TCA. Correct values for vitreous pro- 
teins can be obtained by this method if dilu- 
tions of vitreous are used as standard, as 
apparently the ratio of protein to nonpro- 
tein nitrogen in individual samples of 
vitreous appears to be fairly constant. The 
determinations on 30 cattle eyes gave a 
value of 39.2+3.7 mg. in 100 cc. of 
vitreous. 

Schweer and Pook * determined the dis- 
tribution of proteins among different parts 
of the vitreous body and the dependence of 
over-all protein concentrations of the 
vitreous on the age of the animal. The aim 
of this investigation determine 
whether the concentration of the proteins 
in the vitreous shows a pattern similar to 
that of hyaluronic acid and whether the 
amounts of hexosamine combined with pro- 
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tein can have a significant effect on the de- 
termination of hyaluronic acid of the 
vitreous from its glucosamine content. The 
determination of proteins was carried out 
by the above-mentioned procedure based on 
the biuret reaction, which the authors modi- 
fied for determination in the vitreous. Three 
age groups of animals were used, namely, 
calves up to 3 months old, 1- to 6-year-old 
animals, and animals 7 or more years old. 
The main value from 10 determinations for 
the first group was 42.5+3.26 mg. %, as 
compared with 37.6+2.97 and 37.32.25 
mg. % The 
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vitreous of young animals showed slightly 
but significantly increased values, whereas 
the glucosamine content was previously 
shown to be much lower in these animals 
than in older ones. On the other hand, 
the middle age group did not differ from 
older animals, although it showed much 
higher hyaluronic acid values. From their 
protein values the authors calculated the 
amount of hexosamine bound to proteins, 
under the assumption that it is identical 
with that in serum proteins. The validity 
of this assumption appears very doubtful, 
but under any circumstances the amount of 
glucosamine combined with protein appears 
negligible in comparison with that present 
in form of hyaluronic acid. For the ex- 
amination of the distribution of proteins 
the vitreous body was divided into a 
posterior part, a peripheral anterior part, 
and a central anterior part. The first part 
showed somewhat higher values than the 
two others, in agreement with differences 
in distribution of hyaluronic acid. 

Green and associates ** investigated the 
distribution of the bicarbonate in various 


parts of the vitreous and compared its con- 
centration in this part of the eye with that 
in the aqueous and plasma. They found 


that the over-all concentration in the 
vitreous of the rabbit eye is 25.3 mp per 
liter, as compared with 19.4 my in the 
plasma, 30.1 mp in the anterior chamber, 
and 36.0 mp in the posterior chamber. 
The concentration was significantly higher 
in the anterior part of the vitreous, ad- 
jacent to the posterior surface of the lens 
and the ciliary body, than in the posterior 
part of the vitreous. Only a_ small 
difference was found between the central 
and peripheral parts of this posterior 
part. This indicates that either the ciliary 
processes or the lens are the source of bicar- 
bonate. However, the authors point out 
that the gradient observed between the 
different parts of the vitreous is such that 
it does not permit firm conclusions as to the 
source of the bicarbonate in the vitreous. 

In a second report, Green and Mann ** 
made an attempt to resolve the discrepancy 
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between their findings that the level of bi- 
carbonate in the rabbit vitreous is higher 
than in arterial plasma and the findings of 
Auricchio, who found lower values than in 
the plasma. The cause of this difference was 
traced to the difference in the time of killing 
the animal. When the eyes are enucleated 
not later than two minutes after the killing 
of the animal by air embolism and the eye 
is immediately frozen before the determina- 
tion of bicarbonate is carried out, then the 
bicarbonate level is found to be identical 
with that found in in vivo experiments when 
the vitreous is taken out by cannulation 
through the sclera. 

Cristiansson ** in three series of experi- 
ments thoroughly investigated the influence 
of scurvy in guinea pigs on the viscosity 
and composition of the vitreous In the first 
series growing guinea pigs of both sexes 
weighing 200 to 300 gm. were kept on a 
scorbutic diet, according to Kirk and Tress- 
ler, in groups of four to six animals each. 
At the end of the second week the animals 
started to lose weight and to show symptoms 
of the disease. Vitreous collected from five 
animals was pooled, and control experi- 
ments, in which the weight of the vitreous 
of the left and right eyes was compared, 
indicated that no major error due to dif- 
ferences in collected amounts was made. 
For the analysis, the vitreous bodies were 
filtered through three successive sintered 
glass filters of the Jena type with the mean 
pore diameters decreasing from 15-14y to 
lu. The viscosity measurements and analy- 
sis were carried out on the filtrates. This 
filtration was carried out either on the native 
vitreous or after treatment with hyaluroni- 
dase. The vitreous was protected against 
depolymerization by the addition of 250ug. 
per milliliter of sodium diethyldithiocarbon- 
ate. Viscosity was measured with a modi- 
fied Ostwald viscometer of the semimicro 
type. The viscosity-reducing power of the 
vitreous and aqueous was measured on a 
hyaluronic acid preparation from human 
umbilical cord. Ascorbic acid was deter- 
mined in aqueous humor with Tilmann’s 
reagent after deproteinization with 10% 
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metaphosphoric acid. Glucosamine was de- 
termined by the Elson-Morgan procedure as 
modified by Blix and Sundblad. The glu- 
coronic acid was determined by the carbazole 
reaction; hydroxyproline in the whole 
vitreous, by the method of Neuman and 
Logan (1950) after 18 hours of hydrolysis 
at 100 C. Viscosity determinations on the 
vitreous freed from the residual protein by 
ultrafiltration was found to be significantly 
lower in the vitreous of scorbutic animals 
after 10 days of scorbutic diet. These find- 
ings were obtained when groups of normal 
animals were compared with those kept on 
scorbutic diet or when one eye of an animal 
was removed for determination before the 
start of the scorbutic diet and the other was 
removed at various time intervals of the 
scorbutic diet and its viscosity was com- 
pared with that of the other eye. The lower 
viscosity showed up also during filtration, 
which was appreciably faster in the case of 
scorbutic animals. Treatment with hyalu- 
ronidase depressed viscosity in normal and 
experimental vitreous to the same level. 
Glucosamine determinations on the vitreous, 


pretreated with hyaluronidase and passed 
through the three filters, showed a signifi- 
cant decrease in the eyes of the scorbutic 
animals as compared with the other eyes 
of the same animals removed before the 


start of scorbutic diet. This was not the 
case, however, if the native, not pretreated, 
vitreous was used for determination. In this 
case, the eye removed from the scorbutic 
animal showed significantly higher glucosa- 
mine content than the previously removed 
eye. This difference became excessive 21 
days after the start of the diet. The authors 
suggest that this difference between the re- 
sults on the native and the depolymerized 
vitreous is due to the fact that hyaluronic 
acid from animals with scurvy is less easily 
adsorbed on filters than that of normal eyes. 
The possibility that there are differences in 
the relation of. hyaluronic acid to the residual 
protein removed by ultrafiltration apparently 
is not considered by the author. The de- 
terminations of glucuronic acid showed a 
decrease in the vitreous body in a group of 
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six animals 19 days on scorbutic diet, as 
compared with a group of five normal ani- 
mals. There were no differences in the 
residual proteins determined by hydroxy- 
proline determinations. The water content 
of the scorbutic vitreous was on the average 
4% higher than that of the normal vitreous, 
and this difference was shown to be statis- 
tically significant. When scorbutic animals 
were injected subcutaneously with large 
quantities of ascorbic acid 13 days after 
scorbutic diet, when a significant decline in 
glucosamine in the vitreous took place, the 
glucosamine concentration and water content 
of the vitreous returned to about normal 
after a treatment of seven days. Ascorbic 
acid, glucosamine, and proteins were also 
determined in the aqueous of normal and 
scorbutic animals. In agreement with previ- 
ous findings of other authors, there was a 
sharp decrease of ascorbic acid after 10 
days of scorbutic diet to a mean value of 
1.3 mg/100 gm. of aqueous. On the other 
hand, the glucosamine in the aqueous, which 
in the normal was found to be 11.9+0.2xg. 
per gram, went up in scorbutic animals after 
16 to 19 days to 7.5+1.lyg., which, in spite 
of low values which make the analysis dif- 
ficult, was found to be significant with 
(P<0.01). There was no increase of pro- 
tein in the aqueous of scorbutic animals, 
which suggests that the increase in glucos- 
amine in the aqueous is not due to a lower- 
ing of the blood-aqueous barrier in scorbutic 
animals but rather to an increase in the 
diffusion of hyaluronic acid from the vitre- 
ous due to depolymerization. It is of par- 
ticular interest, however, that the vitreous of 
the scorbutic animals did not show any 
depolymerizing activity of hyaluronic acid, 
which was found in normal vitreous, and 
which is obviously due to the ascorbic acid. 
The author interprets these results as in- 
dicating that no decrease in the production 
of hyaluronic acid in the ciliary epithelium 
takes place in scurvy but that the depoly- 
merization of the mucopolysaccharide leads 
to a change of its interaction with the pro- 
teins of the vitreous, and he believes that 
this situation is analogous to that found in 


669 


| 
: 
j 


A. M. A. ARCHIVES OF OPHTHALMOLOGY 


connective tissue of scorbutic animals. This 
analogy extends also to the higher water 
content in scurvy. 

In a second series of experiments, Cristi- 
ansson ** determined changes in the dry 
weight and adsorptive capacity of the or- 
ganic constituents of the vitreous for water 
in normal and scorbutic animals. The de- 
terminations were carried out on vitreous 
passed through a glass filter with 15 to 14 
mu average pore size. The removal of the 
vitreous was carried out in such a way that 
no vitreous was lost on the uveal tissue. 
The determination of the dry weight and 
the adsorption were carried out in the fol- 
lowing way. For measurements of adsorp- 
tion one eye of the animal was removed 
before the start of the scorbutic diet and 
the other one, 20 days later. The two 
filtrates were divided into equal volumes on 
weighed watch glasses dried in a vacuum 
oven, as mentioned above, and, after the 
determination of the dry weight, the watch 
glasses were placed in well-sealed glass jars 
with different relative humidities. These 
were regulated with the aid of concentrated 
sulfuric acid. The temperature was main- 
tained at 22 C, and the equilibration was 
followed for seven days. The water-uptake 
humidity curves of the normal and scorbutic 
eyes were then compared. Those from scor- 
butic eyes showed a significantly lower ad- 
sorption in the first two segments of the 
adsorption curve, namely, that representing 
the Langmuir adsorption, in which monomo- 
lecular layer of water is formed on the 
surface of the polymer molecules, and that 
in which a linear relationship exists between 
adsorbed water and vapor pressure. The 
dry weight was also significantly lower in 
the scorbutic vitreous. As there is no in- 
crease in the intraocular pressure in scurvy 
in spite of the increase in the volume of the 
vitreous and a decrease in dry weight and 
hyaluronic acid, the author believes that the 
hyaluronic acid secreted in scurvy is in- 
completely polymerized and differs in its 
polar groups which are responsible for the 
interaction between the mucopolysaccharides 
and the proteins of the vitreous. This leads 
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to a disturbance of the gel structure of the 
vitreous and liberation of hyaluronic acid, 
which is not incorporated in the vitreous gel. 
He does not believe that an increase in the 
osmotic pressure of the vitreous is operative 
in the greater hydration; the latter rather 
is the result of an increase in the solubility 
of the hyaluronic acid which is not incor- 
porated in the gel. This concept does not 
appear sufficiently elaborated. 

In a third series of experiments,” Cris- 
tiansson determined the influence of scurvy 
on the distribution of sodium and o-phos- 
phate between the blood plasma, the 
aqueous, and the vitreous of guinea pigs. 
He also investigated the rate of exchange of 
Na** and P*? administered intraperitoneally 
between the blood and the two ocular fluids 
in normal and scorbutic animals. The num- 
ber of experiments was small; the animals 
weighed 400 gm., and the scorbutic diet was 
continued for 17 to 18 days in experiments 
with sodium and 19 to 23 days in experi- 
ments with phosphate. The control animals 
received the same diet, but the diet was sup- 
plemented by parental administration of 
ascorbic acid. The ratio of concentration of 
Na in aqueous to that in blood was found 
to be 1.02 and not be affected in scurvy. 
In the vitreous it was somewhat smaller 
than in the plasma, and it was identical in 
normal and scorbutic animals. No influence 
of scurvy was found in the exchange of 
Na**. The level of o-phosphate in blood 
plasma and aqueous showed no significant 
differences under the influence of the 
scorbutic diet. In the scorbutic vitreous 
body, however, the level was only 8.80.5 
as compared with 10.7+0.5 in the normal. 
The author cannot decide at present whether 
this decrease is due to a slowing of the rate 
of entry, or to an increased consumption of 
ortho phosphate. The activity curve of P** 
significant depression in the 
vitreous from scorbutic animals. The author 
discusses the possibility that an increased 
Donnan effect due to the polar groups of the 
hyaluronic acid, which is no longer bound 
to residual proteins, might be involved in 
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the decrease in the inorganic phosphate in 
the vitreous body in scurvy. 


Retina 


Lewis *' determined the absorption spec- 
trum and the maximum density of rhodop- 
sin in the retina of the albino rat in vivo 
by a method similar in principle to that 
described by Rushton (1956). The meas- 
urements of the absorption of reflected 
light were checked by measurements of the 
light transmitted through the retina of eyes 
removed from the body. The measurements 
were carried out with an instrument very 
similar to that of Rushton, except for the 
apparatus used to produce light flickering 
between red and other lights, which is 
described in detail. The rats were males 
weighing 200 to 300 gm. anesthetized with 
7.5 ml. of 25% urethan per kilogram. They 
were atropinized and kept warm on a 
heated box. For experiments on isolated 
eyes the rats were kept in the dark over- 
night and after atropinization killed by 
urethan and the head was drained of blood. 
The experiments were carried out during 
a period of no more than 15 to 20 minutes, 
to prevent clouding of the lens. Difference 
spectra were obtained by measurements of 
at least 6 and, in particularly stable prepa- 
rations, of 12 wavelengths. In isolated eyes, 
because of the threat of clouding, measure- 
ments were carried out at only three or four 
wavelengths. The two kinds of difference 
spectra agreed fairly well, and the ratio of 
the density measured by reflection to that 
measured by transmission was 1.87, indi- 
cating that 7% of the light was scattered 
by the ocular media. The difference spectra 
measured by the two kinds of light were in 
reasonable agreement, except at wave- 
lengths of 441 mp, at which light is strong- 
ly scattered in the eye media but poorly 
reflected from the fundus. More than 50% 
of green light was found to be absorbed in 
the retina. The maximum rhodopsin den- 
sity calculated from the mean density of 
rhodopsin extracted from the dark-adapted 
rat retinas and corrected for the orientation 
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of rhodopsin molecules in the rods, the 
funneling of light from an inner to an 
outer segment, and the difference in the 
distribution of rhodopsin in various parts 
of the retina yielded a value which was 
only two-thirds of that experimentally 
found, a discrepancy found also by other 
authors in retinas from other species. 

In another series of experiments Lewis “* 
determined the regeneration of rhodopsin in 
albino rats, with particular emphasis on 
the effect of light and temperature on this 
process. Only a small number of experi- 
ments were completely successful because 
of the difficulty of keeping the animals in 
the dark and covered for a period of at 
least ve hours necessary for the experi- 
ments. The regeneration was measured 
after complete bleaching of the retina with 
white light by comparing the light absorp- 
tion in the reflected light of 488 mp with 
that of 618 mz. To check on fluctuation of 
the blood supply of the choroid, control ex- 
periments with light of 575 myp strongly 
absorbed by hemoglobin were also carried 
out. Regeneration was found to be linear 
for some three hours at a rate which varied 
between 0.08 and 0.13 log units per hour. 
The maximum rhodopsin density reached 
also 0.38 density units. The data on the 
rate of regeneration found by the author 
is not in agreement with previous results 
of Tanseley on the same animal. Control 
experiments of the author on anesthetized 
animals showed that this difference is not 
due to anesthesia. That light has no influ- 
ence on the rate of regeneration was shown 
by comparing the density of rhodopsin 
measured at the equilibrium by bleaching 
and regeneration with light of different in- 
tensities. In this experiment the bleaching 
lights were bands of wavelengths 517 and 
416 mp. A drop of 10 degrees in the tem- 
perature of the animal caused a drop of 
the regeneration rate of no more than 10% 
to 20%. The author concludes, therefore, 
that this rate is not limited by any of the 
balanced chemical reactions involved in 
bleaching of rhodopsin and regeneration but 
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by the rate of diffusion from the blood of 
an essential ingredient. 

Weale®™ reported experiments on cats 
on changes in fundus reflectively in living 
eyes and carried out also similar determina- 
tions on frog eyes, using a previously 
described photometric method. The ex- 
periments were carried out on anesthetized 
descerebrated animals and showed in both 
animals very rapid increase in the density 
of visual pigment after the light was shut 
off, with a maximum reached after about 
one minute. The time-density curve of this 
effect is very similar to that found by 
Granit with photopic dominators with his 
electrophysiological procedures. These ob- 
servations suggested the desirability of very 
rapid spectral recording of density changes 
in the living eye, and a new spectrophoto- 
graphic method, therefore, was developed 
for this purpose, which is described in 
detail. With this method the photosensitive 
material was analyzed in living cat and rab- 
bit eyes. A secondary change was observed 
in these experiments, spectrally similar to 
m-rhodopsin. Thus, this is the first demon- 
stration of the presence of this intermediate 
in the bleaching process in vivo. 

Linschitz and associates®™ made an 
attempt to demonstrate the transient inter- 
mediates in the initial processes of rhodop- 
sin bleaching which are involved in the 
electrical retinal response. Rod fragments 
of rabbit retinas were isolated according to 
the usual procedure of St. George. Rho- 
dopsin solutions were irradiated with light 
flashes of 15 millisecond duration, and the 
transmission of the solution was measured 
in the dark 1, 2, 14, and 40 milliseconds 
and 1 hour after the flash. The experiments 
showed the formation of a transient inter- 
mediate with an absorption maximum at 
485 mp and lower transmission after the 
first millisecond and an increase in trans- 
mission in the following millisecond. A 
third component developed during the fol- 
lowing 40 milliseconds. The authors point 
out that because of the time factor only 
the first two intermediates can be respon- 
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sible for the electrical light changes in the 
eye. 

Albrecht * made an attempt to determine 
the C-terminal and N-terminal amino acids 
of rhodopsin. The latter was prepared in 
the usual way from cattle retinas. Its 
purity was characterized by its 400:500 
ratio of 0.22 to 0.26 and of the 278:500 
ratio of 2. The N-terminal groups were 
determined by the method of Senger and 
of Levy and Li. The chromatographic 
procedure of Blackburn was used for de- 
termination and identification of the dini- 
trophenol amino acids. C-terminal groups 
were determined with carboxypeptidase 
(Worthington Biochemical Corporation), 
according to the method of Neurath and 
Schwert. Dichlorophenol in per 
milliliter was added to inhibit other proteo- 
lytic activities. Small-molecular-weight pep- 
tides and amino acids in rhodopsin were 
prepared by chromatography on Dowex 
50 resin in the hydrogen form and eluted 
from the resin with 5N NH,OH. They 
were identified by one-dimensional chroma- 
tography with butanol acetic acid water. 
The purification of rhodopsin was carried 
out by chromatography on the mixed-bed 
column, according to Dintzis (1952). The 
rhodopsin was eluted with a digitonin solu- 
tion. This procedure avoided bleaching of 
rhodopsin. The small-molecular-weight pep- 
tides which contaminated rhodopsin were 
not absorbed on the column. The purified 
rhodopsin was treated with fluorodinitro- 
phenol at pH 8 for 12 hours with the 
exclusion of white light. DNP rhodopsin 
precipitated as a yellow powder; this was 
washed with water, ethanol, and ether and 
dried in air. All digitonin was thus re- 
moved. After hydrolysis for four and 
eight hours in 5.7 N HCl at 110 C in sealed 
tubes, no other DNP amino acids than 
e-DNP-lysine were found. This purified 
rhodopsin, therefore, does not contain any 
N-terminal amino acids. The C-terminal 
analysis of purified rhodopsin was carried 
out in bleached and unbleached form by 
incubation with carboxypeptidase for vari- 
ous lengths of time. Digitonin used for 
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dissolving rhodopsin was found not to 
interfere with the enzyme. No amino acids 
were liberated by this treatment even after 
an incubation of nine hours and a substrate 
enzyme ratio of 10:1. When the nonpuri- 
fied rhodopsin was passed through a Dowex 
50 ion-exchange resin in the hydrogen form 
and eluted with ammonia, paper chroma- 
tography of the eluate showed two distinct 
ninhydrin-positive spots with Ry’s similar 
to those of lysine and glycine. The latter 
spot is more intense. Elution of both spots 
followed by hydrolysis in 5.7 N HCl at 
100 C for 24 hours indicated the presence 
of lysine, serine, glycine, alanine, and glu- 
tamic acid. The determination of the N-ter- 
minal amino acids in both these peptides 
showed that they contain glycine as the 
N-terminal acid. The molar ratio of glycine 
present in rhodopsin to rhodopsin itself was 
about 1:1. Treatment of the nonpurified 
rhodopsin with fluoronitrobenzene failed to 
reveal the presence of any N-terminal 
amino acids other than glycine. The author 
concludes, therefore, that rhodopsin is prob- 
ably combined with a polypeptide by weak 
chemical bonds, as they cannot be removed 
by even drastic preextraction of retinal tis- 
sue with aqueous solvents or by exhaustive 
dialysis. The peptides are present in a quan- 
tity roughly equimolar with rhodopsin and 
they may have particular significance. The 
author points out that the results concern- 
ing the absence of C-terminal groups must 
be regarded as preliminary as long as no 
more reliable purely chemical methods of 
determination of C-terminal groups can be 
applied to rhodopsin. 

Albrecht ® prepared acetylrhodopsin from 
cattle rhodopsin purified by passage through 
columns of mixed ion-exchange resins by 
the procedure mentioned in the preceding 
paper and acetylated it by the method of 
Fraenkei-Conrat (1949). The free amino 
groups of acetylrhodopsin were determined 
by the ninhydrin method, with use of ala- 
nine as standard. Thirteen such groups 
were found in denatured rhodopsin, of 
which 74% became acetylated. Acetylation 
had no significant effect on the absorption 
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spectrum of rhodopsin. The introduction 
of acetyl groups on the protein apparently 
does not disturb significantly the nature of 
the opsin-retinene relationship. However, 
the acetylated opsin obtained by bleaching 
of acetylated rhodopsin was unable to re- 
synthesize rhodopsin in presence of neo-b 
retinene. While the opsin from rhodopsin 
at pH 6.5 regenerated 83%, acetylrhodopsin 
opsin regenerated only 5%, and this small 
amount might have originated in a con- 
tamination with unchanged rhodopsin. The 
acetylated pigment is also much less stable 
than rhodopsin itself, as storage at 4 C 
bleaches it completely in two weeks, while 
the original pigment remains unchanged. 
This loss in stability is probably due to a 
loosening of the structure of protein due to 
the elimination of hydrogen bonds involv- 
ing amino groups. The elimination of the 
prosthetic group, which to a certain degree 
protects the protein against denaturation, 
leads then to complete denaturation and 
loss of the ability to resynthesize the pig- 
ment. 

An impressive progress was made 
through the work of Wald and others in 
the comparative biochemistry of the visual 
pigments. This progress appears to con- 
tribute to the understanding of more 
general evolutionary problems. Wald 
investigated the visual pigment of the sea 
lamprey (Petromyzon marinus). Older 
reports which indicated the predominance 
of vitamin Az over vitamin A, (4:1) in 
this species appeared contradicted by more 
recent investigations of Crescitelli, who 
found rhodopsin to be the pigment in the 
retinas of these animals. Wald resolved 
this contradiction by discovering that the 
visual pigments of the sea lamprey undergo 
a metamorphosis in which porphyropsin 
present in the youthful forms of the animal 
is replaced by rhodopsin in the sexually 
mature adult forms which migrate down- 
stream to the ocean. Retinas of adult lam- 
preys from Oyster River in Durham, N. H., 
were dissected out and immediately frozen. 
They appeared almost colorless. The outer 
layers of the rods were then prepared by 


673 


j 
fis 


A, M. A. ARCHIVES 


the usual fractionated centrifugation of 
ground retinas suspended in a phosphate 
buffer of pH 7 containing 40% sucrose. 
The outer layers accumulated in this pro- 
cedure at the border line between the 
sucrose solution and pure phosphate buffer. 
Homogenization and fractionation proc- 
esses were repeated three times. The outer 
layers so obtained were sedimented by cen- 
trifugation, washed with distilled water, 
hardened by 4% alum solution for 35 min- 
utes, and washed again with water and 
phosphate buffer, and the visual pigment 
was finally extracted with 2% digitonin for 
one and three-quarters hours in the refrig- 
erator. The downstream-migrating growing 
animals were taken from Lake Huron; the 
eyes were dark-adapted and removed under 
red light, and the whole fundi were sub- 
jected to the same homogenization and 
fractionation procedures. The absorption 
spectrum of the visual pigment of these 
animals proved to be a typical rhodopsin 
spectrum with an unusually prominent 
B-band maximum. After complete bleach- 
ing with nonisomerizing orange light, the 
typical mixed spectrum of all transretinene; 
and opsin, with absorption maximum about 
373 mp, was obtained. The reduction of 
this retinene with potassium borohydride 
gave the typical spectrum of vitamin Aj, 
with no suggestion of the presence ‘of vita- 
min A». This was confirmed by the spec- 
trum in the antimony chloride reaction. 
Comparable data from the mature upstream 
migrants showed the visual pigment to 
possess an absorption maximum at 518 mp 
instead of 500 mug in the immature animals, 
which is somewhat below the maximum of 
522 mp» found for porphyropsin of fresh- 
water fishes. After bleaching the typical 
absorption spectrum of transretineneg in 
the digitonin solution was obtained. After 
reduction an all trans-vitamin A» spectrum 
could be demonstrated. To test the homo- 
geneity of the porphyropsin from immature 
sea lampreys, difference spectra obtained by 
bleaching by stages were obtained. The 
absorption curves showed a sharp common, 
or isosbestic, point at about 457 my, indi- 
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cating complete homogeneity. This meta- 
morphosis of the visual pigment of the sea 
lamprey is not associated with the metamor- 
phosis of vitamin A in the liver, which 
during the whole life span remains vitamin 
A;. The author discusses the implications 
of these findings for our concepts of the 
phylogenesis of the vertebrates. He stresses 
the analogy between the metamorphosis of 
the visual pigments in the sea lamprey and 
that in amphibia, like the bull frog tadpole, 
and in the New England spotted newt 
(Triturus viridescens). He also quotes his 
previous findings on euryhaline _ fishes, 
which possess in their growth phase mix- 
tures of the two visual pigments, in which 
porphyropsin predominates, or porphyrop- 
sin alone. The second metamorphosis of 
the visual pigments in these animals does 
not represent the recapitulation of an early 
evolutionary transition, but is an adaptation 
of a life cycle that involves two environ- 
ments. He adheres to the concept of the 
fresh-water origin of vertebrates and _re- 
gards porphyropsin as their original visual 
pigment. 

Following the report of Denton and 
Warren about the occurrence of a visual 
pigment with an absorption maximum at 
480 mp in a deep-sea fish living at a depth 
of about 280 fathoms, Munz *®* determined 
the absorption spectra of visual pigments 
of a series of deep-sea fishes living 280 to 
380 fathoms beneath the surface. He con- 
firmed the findings of Denton and Warren 
in the fish Argyropelecus affinis Garman, 
having a visual pigment with an absorption 
maximum at 478 my, which was found by 
partial bleaching to be homogeneous. The 
absorption of the product of bleaching had 
a maximum between 375 and 380 mu, 
which decreased by 5 mp when the bleach- 
ing was carried out in presence of hydrox- 
ylamine, which indicated its identity with 
retinene;. In Sternoptyx obscura Garman, 
belonging to the same family of fish, a 
homogeneous visual pigment with an ab- 
sorption maximum of 485 my was found, 
but in a deep-sea fish belonging to another 
family, Bathylapus wesethi, there were two 
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different visual pigments, one with an ab- 
sorption maximum of 478 and one of 500 
mp, as in the rhodopsin of land animals. 
The ratio of the two pigments was found 
to be 4:1. The author stresses the identity 
of the prosthetic groups in these pigments 
with retinene;, which indicates that the 
shift in the absorption maximum is due to 
differences in the protein, and believes that 
the term chrysopsin for these pigments is 
not justified and that they should be desig- 
nated as rhodopsin and specified by their 
absorption maximum. 

These findings of Munch stimulated an 
investigation by Wald and associates,®® who 
determined the nature of the conjugate of 
the visual pigments of various marine fishes 
and made an attempt to correlate the posi- 
tion of the maximum absorption of the pig- 
ments and the depth of habitat of these 
animals. The summer range of the latter 
extended in various species between 10 and 
more than 200 fathoms. They found that 
the visual pigments of the lancet fish 
(Alepisarus ferox), which lives deeper than 
200 fathoms and has a maximum of 480 
my, and of cusk (Brosme brosme Miller), 
living between 10 and 100 fathoms, both 
bleached in orange light to a mixture of all 
transretinene,; and opsin and can be regen- 
erated in the dark when neo-b retinene is 
added to the bleaching product. On the 
other hand, in eight different species of these 
marine fishes the absorption maximum 
varied between 480 and 503 mp, and in 
general there was a fairly good inverse cor- 
relation between the depth of habitat and 
the absorption maximum of the visual pig- 
ments. The authors, therefore, suggest that 
the pigments of these marine fishes, even 
if they significantly differ in their absorp- 
tion maximum from the rhodopsin of verte- 
brates, should not be called chrysopsin but 
should be called rhodopsin with specifica- 
tion of the species from which they are 
derived. If obviously the variations in the 
optical properties are completely dependent 
on small variations in the nature of the 
opsins, the far-reaching adaptation of the 
absorption of the visual pigments of these 
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fishes to the kind of light which predomi- 
nates in their habitat appears to be of 
particular interest from the point of view 
of the study of evolutionary processes. 
Wald and associates ° investigated the 
visual pigments of the alligator (Alligator 
mississippiensis ) because of the paucity of 
data about the visual systems of reptiles. 
Young animals 20 in. long were used. They 
were dark-adapted over night and decapi- 
tated, and the retinas and pigment layers 
were removed under red light. The tissues 
were dried by grinding with anhydrous 
sodium sulfate and extracted with chloro- 
form. The extract was used for the anti- 
mony chloride reaction, which shows 2 
maxima, at 620 and 660 my, respectively. 
This indicated that a mixture of vitamin A, 
and retinene; was liberated by chloroform 
from rhodopsin. From the optical densities 
at the two maxima and those of pure com- 
pounds, their amounts were computed to 
0.171pg. of vitamin A and 0.525yg. of 
retinene per eye. In the pigmented layers 
as well as in liver only vitamin A, was 
present. Rhodopsin was then demonstrated 
in digitonin extracts prepared in the usual 
way. Direct absorption and difference 
spectra were taken which showed typical 
rhodopsin with an a-band absorption at 
maximum 500 my» and B-band at 350 mau. 
On bleaching a typical spectra of a mix- 
ture of all transretinene; and opsin was 
obtained. No red-sensitive pigments were 
found, as exposure for 20 minutes to deep 
red light showed an exceedingly slow 
bleaching with a maximum at about 500 my. 
The synthesis of rhodopsin was tested by 
adding 0.5 ml. of a solution of neo-b reti- 
nene to 0.4 ml. of a rhodopsin extract 
bleached by orange light. The mixture, 
incubated in the dark at about 25 C for 30 
minutes, showed a rapid rise in the extinc- 
tion of 500 my, which reached close to the 
maximum value in about 6 minutes. The 
difference spectrum was determined after 
addition of 0.1 ml. of hydroxylamine and 
appeared tc be the typical retinene;-opsin 
spectrum. Thus, the synthesis of rhodopsin 
appears to be so fast that it is impossible 


675 


A, M. A. ARCHIVES OF OPHTHALMOLOGY 


to study the kinetic of the reaction at room 
temperature. Such experiments, therefore, 
were carried out at 4 C. The synthesis 
proved to be a bimolecular reaction, but in 
presence of a large excess of neo-b retinene 
it proceeded almost according to first-order 
kinetics, with a half time at 4 C at about 
18 minutes, compared with about 10 to 20 
seconds at 25 C. Experiments on the rate 
of dark-adaptation of the alligator eye 
showed a parallelism with the rate of syn- 
thesis, as the dark-adaptation in the alli- 
gator was complete within 5 to 7 minutes, 
whereas that in the frog took 30 minutes 
or longer. The rate of dark-adaptation was 
measured by recording the ERG of eyes 
first light-adaptated to a luminescence of 
2000 mililamberts for 15 seconds and then 
kept in darkness for various time intervals. 
The authors point out that the rate of rho- 
dopsin synthesis in the alligator eye resem- 
bles that of iodopsin synthesis in other 
animals. The higher rate of the latter, 


therefore, is not characteristic of the nature 
of the pigment. 
Wald and Burg’! investigated the na- 


ture of the vitamin A found in the eyes 
of the lobster (Homarus americanus). This 
investigation was stimulated by the surpris- 
ing discovery of Fisher et al. (1952) that 
euphausiid vitamin A is only about half as 
potent biologically as an equal amount of 
alltrans-fish liver vitamin A. This sug- 
gested that the vitamin A in these animals 
is one of the less potent isomers of the 
alltransisomer. The experiments were car- 
ried out on Nova Scotia lobsters in 
December and January. The purple area 
containing the ommatidia of the eyes was 
cut off from the eye stalk so as to include 
all the pigmented tissue. A new procedure 
was developed which permits separation of 
the vitamin A from the astaxanthin present 
in large excess in the eyes and of the small 
amounts of B-carotene. The retinal tissue 
was dried with anhydrous sodium sulfate 
and extracted repeatedly with petroleum 
ether until the extracts were colorless. The 
astaxanthin was removed from these ex- 
tracts by saponification. The total extract 
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was dissolved in 6% KOH in methanol 
and incubated at 40 C for 20 minutes, The 
asthacene formed under these conditions 
from astaxanthin is removed by extraction 
with petroleum ether from the KOH 
methanol diluted to 60% with water. The 
washed petroleum ether is free of asthacene 
and contains f-carotene, the concentration 
of which was estimated from the extinction 
at 460 mp in hexane. Vitamin A was de- 
termined in the nonsaponifiable fraction of 
the original petroleum ether extract, by the 
antimony chloride reaction. Its amount was 
found to be 1.18ug. per eye as compared 
with 3yug. of astaxanthin and 0.144ug. of 
B-carotene. The separation of the extracted 
vitamin A into the alcohol and ester frac- 
tions was carried out by the chromato- 
graphic procedure of Ganguly et al. (1953). 
It shows that 30% of the total was present 
as free alcohol. The absorption spectrum 
of vitamin A, the total amount of which 
was determined by the antimony chloride 
reaction, the intensity of which is identical 
for all isomers, was determined by a special 
newly developed procedure which makes it 
possible to obtain spectra of the vitamin 
initially present even in very crude extracts. 
The procedure is based on the determina- 
tion of the absorption spectrum of the im- 
purities contaminating the crude extract. 
extract with white light in presence of 
This can be done by isomerizing the crude 
catalytic amounts of iodine to an equilib- 
rium mixture of isomers, determining the 
total amount of vitamin A, and subtracting 
the absorption due to these isomers calcu- 
lated from the absorption of a standard 
solution of isomerized alltrans-vitamin A 
from the total absorption of the isomerized 
crude extracts. The absorption curve of 
the originally initially present vitamin A is 
then obtained as difference of the absorp- 
tion curve of the crude extracts and that 
of the contaminants. In this way the au- 
thors could show a reasonable agreement 
between the initially present vitamin A and 
the neo-b vitamin A;. The isosbestic point 
of the original curve and the curve obtained 
after isomerization was at 287 my, exactly 
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like that for neo-b vitamin A;. Vitamin A 

was finally obtained from the retinas in 
pure form by chromatography of the petro- 
leum ether extract of the 60% KOH meth- 
anol used for saponification of the crude 
extract on a column of calcium carbonate. 
Its optical characteristics were close to those 
of pure neo-b vitamin A;. After oxidation 
to transretinene with manganese dioxide 
the absorption spectrum was again deter- 
mined. The true spectrum of the retinene 
obtained in this way was determined by 
the same procedure as the spectrum of vita- 
min A and proved that the preparation 
consisted of 69% neo-b and 31% of trans- 
retinene. The authors suggest that some 
isomerization occurred in the course of the 
complex preparation procedures. This prep- 
aration, when added to bleached lobster 
rhodopsin, synthesized rhodopsin with a 
maximum of 498 mp. After isomerization 
the absorption maximum was displaced to 
about 495 my, and only about one-quarter 
of the rhodopsin was formed as compared 
with the experiment with the nonisomerized 
preparation. The authors conclude that the 
lobster, by special mechanisms, is able to 
store in pure form in its eye a hindered 
form of vitamin A, which is in equilibrium 
with the alltrans form in a ratio of 95:5 in 
favor of the latter. They mention findings 
of other authors which indicate that neo-b 
vitamin A; is present also in other species 
of decapods and Eucarid crustaces. 

Wald and Hubbard ' determined the 
nature of the visual pigment of the lobster. 
The extraction was carried out on rhabdo- 
meres, which resemble in their micro- 
structure the outer segments of vertebrate 
rods and cones. The procedure was the 
same, therefore, as that used for vertebrate 
rods, based on fractionated centrifugation 
and floatation of the outer layers. The 
floating tissue sedimented after centrifuga- 
tion in M/15 phosphate buffer pH 6.5 after 
30 minutes centrifugation at 2000 ROH in 
the Spinco ultrapreparative centrifuge. The 
lyophilized sediment was extracted four 
times with petroleum ether until the extract 
appeared colorless. The sediment of this 
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extract was again extracted in the cold with 
M/15 phosphate buffer pH 6.5, was washed 
again with distilled water until the super- 
natant was colorless, and was extracted 
overnight with 2% unbuffered digitonin. 
The solution was illuminated for one min- 
ute with orange light and then left in the 
dark with spectral recordings made periodi- 
cally. The absorption at 490 mp went down 
and the absorption at 370 mp, marking the 
formation of retinene, increased. Differ- 
ence spectra obtained in presence of hy- 
droxylamine showed that the photosensitive 
pigment possesses an absorption maximum 
at about 550 my. The authors call it lobster 
rhodopsin. On irradiation, the extinction 
rise and the maximum is displaced to about 
490 mp. This intermediate resembles the 
so-called m-rhodopsin of vertebrates, which 
is apparently much more stable in lobster 
than in vertebrates, the latter remaining un- 
changed only at —20 C. The transforma- 
tion of lobster m-rhodopsin into a mixture 
of opsin and retinene proceeds in the dark. 
Retinene; was identified by the absorption 
maximum of its opsin and of its reaction 
product with antimony chloride. This 
bleaching of lobster m-rhodopsin follows a 
course of a first-order reaction; at 29 C and 
pH 9.3 the time for half completion is 43 
minutes. The reaction proceeds in a similar 
manner at pH 6.5. 

Following up their determination of the 
vitamin A in the eyes of the lobster, Wald 
and Brown * also investigated the vitamin 
A from the eyes of a euphausiid crustacean. 
Twenty-four grams of eyes, representing 
several thousand animals, was extracted 
with petroleum ether containing 23% alco- 
hol in a Waring Blendor. After evapora- 
tion, the oily extract was sealed under 
nitrogen and examined by the same proce- 
dure as used with the lobster material. The 
absorption curve of the crude extract dis- 
played a broad maximum at 370 mp, which 
moved to 324 mp, on isomerization with 
light in presence of iodine, the Emax rising 
by a factor of 1.39. This indicated that the 
bulk of this material is neo-b vitamin Aj. 
The absorption of contaminating extrane- 
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ous material present in this crude extract 
was eliminated by the same procedure as 
was used in the case of the lobster. The 
absorption curves of the vitamin itself ob- 
tained in this way were those characteristic 
of neo-b vitamin A;, and the same was 
valid for changes after isomerization and 
the position of the crossing point of the 
curves for unisomerized and _ isomerized 
vitamin A. The vitamin A from the extract 
was partly purified by chromatographic ab- 
sorption of the petroleum ether extract of 
the saponified fraction obtained from the 
crude extract. Chromatography was car- 
ried out on a column of alumina weakened 
with 5% of its weight of water. The chro- 
matogram was developed with 10% acetone 
in petroleum ether. The first filtrate, cor- 
responding to half the total vitamin A, had 
an absorption maximum at 370 mp, which 
after isomerization shifted to 325 mp. Emax 
rose 1.38 times. The extinction of the sub- 
sidiary value at 324 my fell after isomeri- 
zation to 0.56 of its former value, the 
factor for neo-b vitamin A, being 0.55. 
This purified vitamin A was oxidized with 
manganese dioxide. The isomerization 
product had an absorption maximum in 
hexane of 362 mp, which after isomeriza- 
tion shifted to 367 mp. After correction 
for extraneous absorption, the rise of Emax 
by isomerization was calculated between 
1.58 and 1.64 my, that for neo-b retinene; 
being 1.7 mp. From this, it is calculated 
that these preparations contained 84% and 
92% of neo-b isomers, respectively. After 
addition of this preparation to cattle opsin 
in excess and two to three hours’ incubation 
at room temperature, rhodopsin was formed 
in an amount which corresponded to 88% 
to 96% of that obtained with pure neo-b 
retinene ; 90.7% of the vitamin was found 
to be present in ester form. The authors 
conclude that in this euphaustid crustacean 
the vitamin A in the eye is up to 90% 
present in form of the hindered neo-b 
isomer. 

Barnholdt and Hjarde™* isolated by 
chromatography five different vitamin A, 
isomers from the eyes of deep-water 
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prawns (Pandalus vorealis). The tests 
used for the identification were isomeriza- 
tion with iodine as catalyst, formation of 
anhydro vitamin by means of HCl, deter- 
mination of certain absorption parameters 
in the Carr-Price reaction, and the maleic 
anhydride reaction. Four of the isomers 
could be tentatively identified, while some 
indications were found that the fifth sub- 
stance was the 9,13-di-cis vitamin A;. As 
this investigation was carried out on the 
eyes of boiled prawns, the significance of 
these findings for the situation in vivo ap- 
pears difficult to evaluate. 

Yoshida investigated the spectral sen- 
sitivity in the protozoan Diodema setosum. 
The dark-adapted excised parts of the 
aboral region of the intrambulaca were sen- 
sitive in the range of 440 to 610 mz, with 
a maximum at 470 mp. It agrees in this 
respect with the retinal pigment granules 
of frog and craytish. 

Blough '* investigated the spectral sen- 
sitivity of the pigeon and found that the 
photopic and scotopic curves are similar 
to the absorption curve of iodopsin and 
rhodopsin. 

Oyamada ' studied the effect of L-meth- 
ionine on retinal pigments in man and 
animals and found that it facilitates dark- 
adaptation, accelerates regeneration of the 
visual purple, decreases the electric thresh- 
old, and has no effect on fusion frequency. 

Carli reports a histochemical proce- 
dure for the demonstration of visual purple. 

Matsumoto ™® found that tyrosine and 
tyramine accelerate the regeneration of vis- 
ual purple in bull frogs. 

Tani ™ reports an accelerating effect of 
thyroid and thyrotropic hormone on the 
regeneration of rhodopsin in the toad. 

Ishiguro™ investigated the creatine, 
phosphokinase, and phosphomonesterase of 
the retina. He obtained synthesis of ATP 
from creatine phosphate and AMP at pH 7 
in dialyzed retinal extract of rabbit. At 
pH 8.4 the extract forms creatine phosphate 
from ATP. p-CMB inhibits these proc- 
esses. Therefore, the enzyme is probably 
an SH enzyme. The author found two 
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monoesterases, one with an optimum at a 
pH of 4 to 5 and another at a pH of 9. 

Inakuchi '!* found that the succinic and 
lactic dehydrogenase activities in dialyzed 
rabbit retina extracts are increased by Mg 
and decreased by Ca and p-CMB. 

Sasaki '* investigated retinal metabolism 
under the influence of stress and found that 
acute stress decreases Og consumption and 
aerobic glycolysis after three hours. After 
24 hours the metabolism was increased, and 
it returned to normal after 48 hours. 

Esposito'* found that corticotropin 
(ACTH) inhibits O2 consumption but not 
the aerobic glycolysis of rabbit retina in 
vitro and in vivo. 

Auricchio*!® found that inflammatory 
conditions and resection of the optic nerve 
as well as I2 administration did not change 
the potassium content of the retina, which, 
however, was decreased by monoiodoace- 
tate. 

Ezuka ''* found that dark-adaptation in- 
creases the ATP and creatine phosphate 
in the retina. 

Nakazawa!" found that fat substances 
in the outer limbs in vitamin A-deficient 
rats increased and decreased in the inner 
segments. 

Dartnall 1° reviewed our present knowl- 
edge of visual pigments. 

Sorsby and associates investigated 
whether degenerative changes in the retina 
first observed by Noell after intravenous 
injections of sodium iodoacetate can be also 
produced by other reagents which are able 
to bind thiolic groups. The dosage corre- 
sponded to about 80% of the maximum 
lethal dose in nearly every case. In spite 
of that, only bromoacetate, but not iodo- 
acetamide, had an effect on the retina sim- 
ilar to that of iodoacetate. The thiolic 
reagents used represented heavy-metal de- 
rivatives, oxidizing agents, and alkylating 
agents. The authors suggest that the effect 
of iodoacetate is not due to its ability to 
combine with thiolic groups in the retina, 
as iodoacetamide, which is much less toxic 
than iodoacetate and as easily combines 
with SH groups, is completely ineffective. 
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Polatnick and associates fractionated 
and analyzed mucopolysaccharides of the 
beef sclera by the fractionation procedure of 
K. Meyer and associates and compared it 
with the composition of the mucopolysac- 
charide of the cornea as reported in the 
literature. Two main fractions were ob- 
tained by fractionation with ethanol, one 
precipitating between 18% and 24% and 
the other, between 30% and 50% of ethanol. 
Further subfractionation within these limits 
of concentration did not yield any signifi- 
cant separations. The fractions were ana- 
lyzed for nitrogen and hexosamine by the 
Elson-Morgan procedure, for sulfate by 
titration with BaCls according to Alicino, 
for hexoses by the antrone reaction, and 
for hexuronic acid by the carbazole and 
orcinol reactions. The analytical data 
showed that the less-soluble fraction essen- 
tially is chondroitin sulfate B; the more 
soluble fraction or mixture of fractions 
seemed to be predominantly, on the basis 
of composition and rotation, a mixture of 
A and C, with an only insignificant admix- 
ture of hexose of 3.9%. The precipitation 
of the second fraction with ammonium sul- 
fate and pyridine yielded no significant 
precipitate. The authors conclude, there- 
fore, that no significant amounts of hyalu- 
ronic acid are present in the sclera. The 
total concentration of mucopolysaccharides 
was calculated to be between 0.7% and 0.9% 
of the dry weight, as compared with 2.2% 
found in the cornea; 50% to 56% of the 
fraction was represented by chondroitin 
sulfate B. The authors stress the absence 
of nonsulfated mucopolysaccharide in the 
sclera as a characteristic of this tissue as 
compared with all other so-far-investigated 
forms of connective tissue, and they relate 
the more closely controlled state of hydra- 
tion of the cornea as compared with sclera 
to the absence of the nonsulfated muco- 
polysaccharide in the latter. 

Dohlman '*° made a comprehensive study 
of the distribution of S** in the rabbit eye 
after injection of labeled Na2SO,. The dis- 
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tribution of the labeled sulfate among five 
different parts of the globe and among three 
different chemical fractions of each ocular 
tissue was measured. The distribution 
among various parts of the eye was deter- 
mined by autoradiography after injection of 
20 me. of carrier-free NagSO, intravenously 
into a 2.36 kg. rabbit. The animal was 
killed after 72 hours; the eye was fixed, 
immersed in benzene, and imbedded in 
paraffin. It was cut in 10,» sections. For the 
determination of the S* in different parts 
of the globe, the latter was divided into five 
sections, namely, the cornea, 
uvea, and the vitreous body 
The eyes were enucleated 3, 17, and 43 
days after injection of 1 mc. of NagSO, 
per kilogram intravenously. The distribu- 
tion of S** was determined in the inor- 
ganic phosphate, in the ester sulfate, and in 
the organic nonsulfate sulfur fraction. For 
this purpose the homogenized tissue was 
assayed for radioactivity; then, after addi- 
tion of nonlabeled inorganic Na2SO, it was 
dialyzed for four days against running tap 
water. The difference in radioactivity be- 
fore and after dialysis was taken as an 
index of labeled inorganic sulfate and other 
dialyzable sulfates. The ester sulfate was 
determined in the dialyzed homogenate by 
hydrolyzing it for 24 hours in a boiling 
water bath with 6 N HCl, adding 40 mg. 
of nonlabeled NazSO, to each solution, and 
precipitating the sulfate as BaSO, with 
BaCle. The radioactivity was then meas- 
ured in this filtered-off and dried precipi- 
tate. The excess barium in solution was 
then removed by addition of about an equiv- 
alent amount of sodium sulfate, and the 
supernatant was first dried down in vacuo 
over NaOH and then chromatographed on 
Dowex 2 Cl form, and the column was 
eluted with distilled water. This eluate con- 
tained the so-called nonsulfate sulfur. The 
amino acids in the eluate were then 
chromatographed according to the procedure 
of Stein and Moore on Dowex 50, and the 
sulfur-containing amino acids in this were 
separated from the others. The time-rela- 
tion study was carried out by autoradiog- 
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raphy after 1 hour, and 1, 3, 8, 17, and 
31 days after administration of the isotope. 
Considerable incorporation was found al- 
ready after one hour. It was, however, low 
in the lens and lower in the cornea than 
in the uvea and retina. After 31 days the 
radioactivity had disappeared from all parts 
except cornea and lens. After three days 
the aqueous and vitreous were free of S*, 
indicating that there was no incorporation 
as organic sulfur. The cornea and sclera 
showed strong incorporation, the inner lay- 
ers stronger than the outer parts. The epi- 
thelium contained some isotope, although it 
is not known to contain mucopolysaccharides. 
Lens, uvea, and retina showed much less 
incorporation than the two other parts of 
the eye. In the cornea 92% of the total S** 
occurred as ester sulfate and 4.5% was 
found in the nonsulfate sulfur fraction. The 
latter later went up to 10% of the total S*. 
Only 40% of the latter were present in 
S-containing amino acids; the rest, in a 
still-unidentified form. This nonsulfate or- 
ganic S** was predominantly in the lens and 


increased relatively and absolutely from the 
3d to the 43d day. The uvea and retina 
contained the isotope in all three chemical 
fractions. The radioactivity in the epithe- 
lium, endothelium, and Descemet’s mem- 


brane of the cornea was determined 
separately and was found to represent after 
3 days 4% and after 43 days 6% of the 
total radioactivity of the cornea. 
Heydenreich '! carried out a thorough 
investigation of pigment granules found in 
all parts of the eye. In addition to mor- 
phological findings, he also reports bio- 
chemically interesting results on various 
bleaching procedures for the pigments and 
their ability to combine with dyes. The 
most effective procedure for bleaching was 
found to be the treatment with oxidizing 
agents. Ten per cent sodium peroxide and 
ten per cent ammonium persulfate were 
most effective as bleaching agents, and the 
first proved superior to hydrogen peroxide. 
The fastest procedure proved to be direct 
exposure to chlorine vapors and treatment 
with 2% to 3% chromic acid. The pigments 
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from different parts of the eye showed a 
very different stability against the bleach- 
ing agents. Dyeing of the pigment granules 
was most effective after bleaching before 
complete fragmentation of the bleached 
granules. Only basic dyes, however, were 
taken up by the granules. Pretreatment, 
however, with alkaline reagent could 
change the dyeing properties, and the au- 
thor explains the discrepancies between his 
findings and those of other authors by dif- 
ferences in the pretreatment of the granules 
before exposing them to dyes. The im- 
pregnation with silver was only effective in 
the nonbleached pigments, and in partly 
bleached pigments, it could be shown that 
the core of the pigment granules is much 
more labile to impregnation than the periph- 
ery, while the opposite was found to be true 
with dyes. The results of the author do not 
suggest essential differences in the chemical 
nature of pigments of different origin, as- 
sumed by other authors. 

Dardenne and associates '** investigated 
whether the cholinesterase which was pre- 
viously found to be present in the iris is 
the so-called specific cholinesterase present 
in nerve tissue and red cells or the non- 
specific cholinesterase present in the blood 
plasma. This appeared of interest because 
of the different behavior of the two en- 
zymes against drugs used as miotics. To 
distinguish between the two different cho- 
linesterases several criteria were used: (1) 
the dependence of the enzymatic activity on 
the concentration of the substrate, (2) dif- 
ferences in the activity towards various 
types of substrates, and (3) the sensitivity 
of the enzyme against coffein. The cattle 
iris was used five hours after the death 
of the animals, during which time it was 
stored at 2 C. Human iris was obtained 
from eyes enucleated 8 to 15 hours after 
death; 30 to 100 mg. of wet iris tissue was 
used for every experiment, and the rate of 
the splitting of acetylcholine was measured 
by the Warburg method in a Ringer bicar- 
bonate solution in an atmosphere of 95% Ne 
plus 5% COs. The concentration rate curve 
of the iris enzyme showed the bell-shaped 
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form characteristic for the specific cholin- 
esterase. The homogenate of the iris split 
easily acetyl B-methyl choline and did not 
split benzoylcholine at all, and coffein at a 
concentration of 3.5 10~-? inhibited the en- 
zyme by more than 80%. The authors 
point out the possible significance of these 
findings for the treatment of glaucoma with 
cholinesterase inhibitors. 

Cibis and associates }** examined the ef- 
fect of intravenous injections of iodoacetate 
on the dynamics of the aqueous and the lens 
and compared it with the effects of x-rays. 
This investigation was stimulated by the 
parallelism previously found by Noell on 
the similarity of the effect of x-rays and 
iodoacetate on the degeneration of the 
retina. lodoacetate, 20 mg. per kilogram, 
was injected intravenously into male albino 
rabbits. A second injection followed 6 hours 
later, and in some animals a third injection 
was given after 24 hours. Control animals 
were killed at the same time as the ex- 
perimental animals. In 16 rabbits the acute 
effects of IAA upon the blood-aqueous bar- 
rier were followed with the slit lamp over 
a period of 13 days. Appearance of cells 
in the anterior chamber was observed the 
second or third day after the injection, 
reached its maximum on the fifth day, and 
later declined. The majority of the cells 
were erythrocytes, mixed with a few lympho- 
cytes and polymorphonuclear leukocytes. 
The effects upon the rate of secretion of 
aqueous were studied by repeated tono- 
graphic tracings. After injection of 40 mg. 
of IAA per kilogram, the rate of aqueous 
secretion was calculated from the intraocu- 
lar pressure and facility of outflow, as- 
suming constant episcleral venous pressure 
of 9 mm. Hg. The rate of aqueous flow 
decreased 48 hours after injection and 
reached a minimum at 72 hours. Recovery 
was complete after five to seven days. The 
effects on the mitotic activity of the lens 
epithelium were studied on 41 experimental 
eyes, and the separation of the lens epithe- 
lium was made according to the method of 
von Sallmann. During the first 24 hours 
the mitotic activity was not impaired, but 
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it was found to be inhibited in approxi- 
mately 60% of the cases between the 2nd 
and 12th days. The recovery was found 
after 16 days. The authors also report late 
lenticular changes induced by IAA. They 
find that the changes induced by IAA and 
ionizing radiation correlate well, in spite of 
certain differences. These differences mani- 
fest themselves in the nature of the cells 
in the cameral exudate and in the time 
sequence of mitotic inhibition and suppres- 
sion of aqueous flow. The authors stress, 
however, that at least one part of these 
differences might be caused by differences 
in the routes of application, which is sys- 
temic in the one and local in the other case. 

Ito ?** found that iris extracts of rabbit 
oxidize pyruvate, oxaloacetate, citric, malic, 
and succinic acids. Activities of these en- 
zymes were promoted by ATP and Mg as 
well as by cocarboxylase and were inhibited 
by HCM. 

Fukazawa }** found that Oz consumption 
of the chicken iris decreases after three 
weeks of thiamine deficiency. 

Hama }* investigated the distribution of 
8-glucuronidase in ocular tissues. A high 
concentration was found, particularly in the 
ciliary body. Its activity was decreased by 
phenol and menthol administration. Naph- 
thaline administration caused considerable 
variations in the activity of this enzyme in 
the ciliary body, iris, and choroid. 

Bernardinis and Gaipa’!** found with 
histochemical methods that iodoacetate de- 
creases the level of RNA in the ciliary body, 
retina, and uvea of rabbits after 3 to 18 
hours. DNA increases after five days. 


Columbia University, 630 W. 168 St. (32). 


REFERENCES 


1. Maurice, D. M.: The Structure and Trans- 
parency of the Cornea, J. Physiol. 136:263, 1957. 

2. Dohiman, C. H., and Anseth, A.: The Swell- 
ing Pressure of the Ox Corneal Stroma, Acta 
ophth. 35:73, 1957. 

3. Anseth, A., and Dohlman, C. H.: Influence 
of the Intraocular Pressure on Hydration of the 
Corneal Stroma, Acta ophth. 35:85, 1957. 

4. Wortman, B., and Strominger, J. L.: In- 
corporation of Inorganic Sulfate-S* into Sulfated 


682 


Mucopolysaccharides of Cornea in Vitro, Am. J. 
Ophth. 44:291, 1957. 

5. Harris, J. E.: The Physiologic Control of 
Corneal Hydration: The First Jonas S. Frieden- 
wald Memorial Lecture, Am. J. Ophth. 44:262, 
1957. 

6. Dohlman, C. H., and Balazs, D. A.: Carbo- 
hydrate-Containing Protein Fractions in the Cor- 
neal Stroma, Acta ophth. 35 :454, 1957. 

7. Dohlman, C. H.: On the Fate of the Corneal 
Graft, Acta ophth. 35 :286, 1957. 

8. Dohlman, C. H.: On the Metabolism of the 
Corneal Graft, Acta ophth. 35 :303, 1957. 

9. Bores, B., and Takats, I.: Investigations on 
the Content in Acetylcholine ef Corneal Trans- 
plants, von Graefes Arch. Ophth. 158:416, 1957. 

10. Minich, W.: Experimental Investigations on 
Acid-Soluble Phosphorus Compounds, Particularly 
Adenosine Tri- and Diphosphate in the Cornea, 
von Graefes Arch. Ophth, 158:532, 1957. 

11. Kinoshita, J. H.: The Stimulation of the 
Phosphogluconate Oxidation Pathway by Pyruvate 
in Bovine Corneal Epithelium, J. Biol. Chem. 228: 
247, 1957. 

12. Kuwabara, T., and Cogan, D. G.: Experi- 
mental Aberrant Lipogenesis: II. Substrate Factor, 
A. M.A. Arch. Path. 63 :496, 1957. 

13. Cogan, D. G., and Kuwabara, T.: Experi- 
mental Aberrant Lipogenesis: III. Tissue Factor, 
A.M. A. Arch. Path. 64:23, 1957. 

14. Uzman, L. L., and Jakus, M. A.: The Kayser- 
Fleischer Ring: A Histochemical and Electron 
Microscope Study, Neurology 7 :341, 1957. 

15. Cogan, D. G., and Henneman, P. H.: Diffuse 
Calcification of the Cornea in Hypercalcemia, New 
England J. Med. 257 :451, 1957. 

16. Matumoto, R.: Metabolism of the Cornea in 
Experimental Vascularization, Acta Soc. ophth. 
japon. 61:1062, 1957. 

17. Tricinska-Dabrowska, Z.: 
Zjardu Okulist Pols. 2:378, 1957. 

18. Krwawicz, T., and Szwarc, R.: 
XXV. Zjardu Okulist Pols. 2:406, 1957. 

19. Szwarc, B.: Referat XXV. Zjardu Okulist 
Pols. 2:398, 1957. 

20. Morone, G.: Histochemical Research on 
Some Systems of Enzymes in Lyophilized Cornea, 
Gior. ital. oftal. 10:102, 1957. 

21. Taoka, S.: Studies on Permeability of the 
Cornea: 3. On the Effect of Some Metals; 4. On 
the Influence of Temperature; 5. Effects of Ex- 
foliation of the Epithelium and Endothelium, Folia 
ophth. japon. 8:466, 1957. 

22. Takaku, I.: Ultracentrifugal and Electro- 
phoretic Studies of the Transparent Media of the 
Eye, Acta Soc. ophth. japon. 61 :1821, 1957. 

23. Esposito, M. D.: The Relationship Between 
Corneal Metabolism and Avitaminosis E, Ann. 
ottal. e clin. ocul. 83:283, 1957. 


XXV. 


Referat 


Referat 


Vol. 60, Oct., 1958 


PHYSIOLOGICAL CHEMISTRY OF EYE 


24. Bock, J.; Kleigenberg, H., and Rigler, R.: 
The Penetration of Proteins into the Aqueous, 
Forschung u. Praxis 10:52, 1957. 

25. Funamoto, H.: The Effect of Diamox on 
Normal and Glaucomatous Eyes, Acta Soc. ophth. 
japon 61:74, 1957. 

26. Munoz, J. M., and Sampaolesi, R.: A Simple 
Method fer the Protein Determination in the 
Aqueous Humour, Docum. ophth. 11 :106, 1957. 

27. Remky, H.: A Micromethod for the Deter- 
mination of Proteins in the Aqueous Humour, 
Docum, ophth. 11:113, 1957. 

28. D’Ermo, F.: Paper Micro-Electrophoretic 
Fractioning of the Proteins of Small Quantities of 
Normal Aqueous Humour, Docum. ophth. 11 :116, 
1957. 

29. Appelmans, M., and Michiels, J.: Protein 
Concentration in the Aqueous Humour of the Rab- 
bit Eye After the Administration of Diamox, 
Docum. ophth. 11:190, 1957. 

30. Cagianut, B.: Sodium Concentration in 
Human Aqueous Humour, Docum. ophth., 11 :173, 
1957. 


31. Steiger, R.: The Amino Acid Composition 
of Aqueous Humour, Docum. ophth. 11 :237, 1957. 

32. Heinzen, H., and Urech, J.: The Action of 
Diamox on the Entrance of Radioactive Na™ and 
Heavy Water into the Aqueous Humour from the 
Blood Stream, Docum. ophth. 11:221, 1957. 

33. Berggren, L.: Histochemical Study of the 
Anterior Segments of the Eye in Gold Id (Idus 
Idus L.), Chicken, Rabbit and Man, Acta Soc. 
med. upsal. 62:157, 1957. 

34. Green, H.; Kroman, H. S., and Leopold, 
I. H.: Corticosteroids in the Aqueous Humor of 
the Rabbit Eye: Further Studies with Paper 
Chromatography, Am. J. Ophth. 44:91, 1957. 

35. Friedman, M.; Newell, F. W.; LeRoy, G. V., 
and Okita, G. T.: The Steady-State Turnover of 
Tritiated Water in the Anterior Chamber of 
Rabbits, Am. J. Ophth. 44:375, 1957. 

36. Langham, M. E., and Lee, P. M.: Action 
of Diamox and Ammonium Chloride on Formation 
of Aqueous Humour, Brit. J. Ophth. 41:65, 1957. 

37. Green, H.; Mann, M. J., and Kroman, H. S.: 
Elaboration of Bicarbonate Ion in Intraocular 
Fluids: IV. Dynamic Effect of Acetazolamide 
(Diamox), Am. J. Ophth. 44:388, 1957. 

38. Becker, B.: The Bicarbonate Concentration 
of Guinea Pig Aqueous Humor: Effect of Scurvy 
and Acetazolamide, Am. J. Ophth. 44:402, 1957. 

39. Green, H.; Mann, M. J., and Waters, L. P.: 
Elaboration of Bicarbonate Ion in Intraocular 
Fluids: I. Aqueous Humors, Following Intravenous 
Infusion of Sodium Bicarbonate, A. M.A. Arch. 
Ophth. 57:76, 1957. 

40. Maurice, D. M.: The Exchange of Sodium 
Between the Vitreous Body and the Blood and 
Aqueous Humour, J. Physiol, 137:110, 1957. 


Dische 


41. Davson, H., and Luck, C. P.: The Effect of 
Acetazoleamide on the Chemical Composition of 
the Aqueous Humour and Cerebrospinal Fluid of 
Some Mammalian Species and on the Rate of 
Turnover of Na™ in These Fluids, J. Physiol. 137: 
279, 1957. 

42. Harris,’ J. E.; Carlson, A. E.; Gruber, L., 
and Hoskinson, G.: The Aqueous: Serum Sodium 
and Potassium Steady-State Ratios in the Rabbit 
and the Influence of Diamox and Dibenamine 
Thereon, Am. J. Ophth. 44:409, 1957. 

43. Wistrand, P.: Local Action of the Carbonic 
Anhydrase Inhibitor, Acetazoleamide, on the Intra- 
ocular Pressure in Cats, Acta pharmacol. et toxicol. 
14:27, 1957. 

44. Barany, E.; Berggren, L., and Vrabec, F.: 
The Mucinous Layer Covering the Corneal Endo- 
thelium in the Owl Strix Aluco, Brit. J. Ophth. 
41:25, 1957. 

45. Berggren, L., and Vrabec, F.: Demonstration 
of a Coating Substance in the Trabecular Mesh- 
work of the Eye and Its Decrease After Per- 
fusion Experiments with Different Kinds of 
Hyaluronidase, Am. J. Ophth. 44:200, 1957. 

46. Bock, J.; Hellauer, H., and Umrath, K.: The 
Presence of a Substance Stimulating Sensory 
Nerves in the Aqueous of Glaucoma Patients, von 
Graefes Arch. Ophth. 159:81, 1957. 

47. Duke-Elder, S., and Maurice, D. M.: Sym- 
bols of Ocular Dynamics, Brit. J. Ophth. 41 :702, 
1957. 

48. Berggren, L.: Lack of Effect of Citral on 
Ocular Tension, Acta ophth. 451, 1957. 

49. Siegert, P.: Results of Investigations on 
Blood Chemistry in Glaucoma, Ber. deutsch. ophth. 
Gesellsch. 60:64, 1957. 

50. Resnik, R. A.: Lens Proteins: I. Alpha 
Crystallin of Calf Lens, Am. J. Ophth. 44:357, 
1957. 

51. Francois, J., and Rabaey, M.: The Protein 
Composition of the Human Lens, Am. J. Ophth. 
44 :347, 1957. 

52. Orzalesi, F., and Miglior, M.: Interactions 
Between Lenticular and Other Proteins, Arch. 
opht. 17:782, 1957. 

53. Merola, L. O., and Kinoshita, J. H.: The 
Reactivity of the Sulfhydryl Groups in Normal 
Bovine Lens, Am. J. Ophth. 44:326, 1957. 

54. Roberts, D. St. C.: Studies on the Antigenic 
Structure of the Eye Using the Fluorescent Anti- 
body Technique, Brit. J. Ophth. 41 :338, 1957. 

55. Mizukawa, T., and Takagi, Y.: Studies on 
Antigenicity of Components of the Lens, Jap. J. 
Ophth. 1 :244, 1957. 

56. Suzue, T.: Studies on Polysaccharides in the 
Ocular Tissue: II. Antigenicity of Polysaccharides 
of Bovine Lens Capsule, Folia ophth. japon. 8 :66, 
1957. 


683 


: 

: 

= ‘ 

4 

ra 

7 


A. M. A. ARCHIVES OF OPHTHALMOLOGY 


57. Suzue, T.: Studies on Polysaccharides in the 
Ocular Tissue: I. Composition of Polysaccharides 
in the Bovine Lens Capsule, Iris and Ciliary Body, 
Folia ophth. japon. 8:60, 1957. 

58 Zeller, E. A., and Devi, A.: On the Enzym- 
ology of the Refractory Media of the Eye: V. On 
the Occurrence of Proteolytic Enzymes in Normal 
and Cataractous Lenses, Am. J. Ophth 44:28], 
1957. 

59. Ambrosio, A.: The Distribution of Carbonic 
Anhydrase Activity in the Lens, Arch. ottal. 61 :41, 
1957. 

60. Waley, S. G.: Acidic Peptides of the Lens: 
2. The Use of Ion-Exchange Resins as Molecular 
Sieves, Biochem. J. 67 :172, 1957. 

61. Waley, S. G.: Acidic Peptides of the Lens: 
3. The Structure of Ophthalmic Acid, Biochem. 
J. 68:189, 1958. 

62. Klethi, J., and Mandel, P.: Free Nucleotides 
of the Calf Lens, Biochim. et biophys. acta 24 :642, 
1957. 

63. Dardenne, U., and Pitter, H.: The Presence 
of Coenzyme A in the Lens, Ber. deutsch. ophth. 
Gesellsch. 60:112, 1957. 

64. Kinoshita, J. H., and Masurat, T.: Studies 
on the Glutathione in Bovine Lens, A. M. A. Arch. 
Ophth. 57 :266, 1957. 

65. Wachtl, C., and Kinsey, V. E.: Studies on 
the Crystalline Lens: VII. Utilization of Several 
Carbohydrates and Their Effects on Mitosis of 
Lens Epithelium, Am. J. Ophth. 44:318, 1957. 

66. Delogu, A.: Influence of Galactose on the 
Survival of the Lens in Vitro, Gior. ital. oftal. 
10:228, 1957. 

67. Cinsa, W.; Cristini, G., and Carutti, M. A.: 
Metabolism of Nicotinic Acid in Lens Aqueous 
and Vitreous, Klin. Monatsbl. Augenh. 130:488, 
1957. 

68. Heinrichs, D., and Harris, J. E.: Lens 
Metabolism as Studied with the Reversible Cation 
Shift: III. The Effect of Lens Age (Size), 
A.M. A. Arch. Ophth. 57 :207, 1957. 

69. Farkas, T. G., and Patterson, J. W.: Insulin 
and the Lens, Am. J. Ophth. 44:341, 1957. 

70. Dische, Z.; Zelmenis, G., and Youlus, J.: 
Studies on Protein and Protein Synthesis During 
the Development of Galactose Cataract, Am. J. 
Ophth. 44:332, 1957. 

71. Ogino, S., and Ichihara, T.: Biochemical 
Studies on Cataract: V. Biochemical Genesis of 
Senile Cataract, Am. J. Ophth. 43:754, 1957. 

72. Ogino, S., and Yasukura, K.: Biochemical 
Studies on Cataract: VI. Production of Cataracts 
in Guinea Pigs with Dinitrophenol, Am. J. Ophth. 
43 :936, 1957. 

73. Ogino, S.; Tojo, H.; Fujishige, I., and 
Katumori, Y.: Biochemical Studies on Cataract: 
IX. Contribution to the Histopathology of Cataract 
Caused by Various Quinoid Substances, Am. J. 
Ophth. 44:94, 1957. 


684 


74. van Heyningen, R.; Phil, D., and Pirie, A.: 
Hexokinase in X-Ray Cataract in Rabbits, Am. J. 
Ophth. 43 :893, 1957. 

75. Flanders, P. H., and Pirie, A.: The Effect 
of Breathing Oxygen on the Radiosensitivity of 
the Rabbit Lens and the Use of Oxygen in X-Ray 
Therapy, Radiation Res, 7 :357, 1957. 

76. Varga, L., and Gergely, L.: Double Refrac- 
tion of Flow Studies on Hyaluronic Acid Prepared 
from the Vitreous Body, Biochim. et biophys. acta 
23:1, 1957. 

77. Laurent, T. C.: Physico-Chemical Studies 
on Hyaluronic Acid, Uppsala, Almqvist & Wiksells 
Boktryckeri ab, 1957. 

78. Laurent, T. C.: A Comparative Study of 
Physico-Chemical Properties of Hyaluronic Acid 
Prepared According to Different Methods and 
from Different Tissues, Arkiv kemi 11 :487, 1957. 

79. Laurent, T. C.: The Amorphous X-Ray Dif- 
fractogram of Hyaluronic Acid, Arkiv kemi 11: | 
513, 1957. 

80. Laurent, T. C.: On the Hydration of Macro- 
molecules: X-Ray Diffraction Studies on Aqueous 
Solutions of Hyaluronic Acid, Arkiv kemi 11 :503, 
1957. 

81. Laurent, T. C.: A Study of Cetylpyridinium 
Hyaluronate in Methanol Solution, Arkiv kemi 
11 :497, 1957. 

82. Sugiura: Physico-Chemical Studies of the 
Vitreous, Jap. J. Ophth. 1:7, 1957. 

83. Yamada, H.: Phase Contrast Microscopy 
of the Vitreous: III, Acta Soc. ophth. japon. 61: 
1472, 1957. 

84. Schweer, G., and Pook, W. H.: Investiga- 
tions on the Use of the Biuret Reaction According 
to Ditterbrandt-Weichselbaum for Quantitative 
Protein Determination in the Vitreous, von Graefes 
Arch. Ophth. 158:387, 1957. 

85. Schweer, G., and Pook, W. H.: Studies on 
Glucosamine of the Vitreous: 6. Relationship Be- 
tween Glucosamine and Protein Concentrations in 
Vitreous Filtrates of Cattle and Their Dependence 
on Age and the Localization in the Vitreous, von 
Graefes Arch. Ophth. 159:112, 1957. 

86. Green, H.; Sawyer, J. L., and Leopold, I. 
H.: Elaboration of Bicarbonate Ion in Intraocular 
Fluids: II. Vitreous Humor, Normal Values, von 
Graefes Arch. Ophth. 57:85, 1957. 

87. Green, H., and Mann, M. J.: The Bi- 
carbonate-Ion Concentration of Rabbit Vitreous, 
Am. J. Ophth. 44:480, 1957. 

88. Cristiansson, J.: Changes in the Vitreous 
Body in Scurvy: Studies on Guinea Pigs in Vivo; 
I, The Biopolymers of the Vitreous Body, Acta 
ophth. 35 :336, 1957. 

89. Cristiansson, J.: Changes in the Vitreous 
Body in Scurvy: II. Studies on the Aqueous 
Content, Acta ophth. 35 :420, 1957. 


Vol. 60, Oct., 1958 


; 


PHYSIOLOGICAL CHEMISTRY OF EYE 


90. Cristiansson, J.: Changes in the Vitreous 
Body in Scurvy: III. Studies on Electrolytes, Acta 
ophth. 35:429, 1957. 

91. Lewis, D. M.: Retinal Photopigments in 
the Albino Rat, J. Physiol. 136:615, 1957. 

92. Lewis, D. M.: Regeneration of Rhodopsin 
in the Albino Rat, J. Physiol. 136:624, 1957. 

93. Weale, R. A.: Observations on Photo- 
chemical Reactions in Living Eyes, Brit. J. Ophth. 
41 :461, 1957. 

94. Linschitz, H.; Wulff, V. J.; Adams, R. G., 
and Abrahamson, E. W.: Light Initiated Changes 
of Rhodopsin in Solution, Arch. Biochem. 68: 
233, 1957. 

95. Albrecht, G.: Terminal Amino Acids of 
Rhodopsin, J. Biol. Chem. 229:477, 1957. 

96. Albrecht, G.: Acetylrhodopsin, Science 125: 
70, 1957. 

97. Wald, G.: The Metamorphosis of Visual 
Systems in the Sea Lamprey, J. Gen. Physiol. 
40:901, 1957. 

98. Munz, R. W.: Photosensitive Pigments from 
Retinas of Deep Sea Fishes, Science 125:1149, 
1952. 

99. Wald, G.; Brown, P. K., and Brown, P. S.: 
Visual Pigments and Depths of Habitat of Marine 
Fishes, Nature, London 180:969, 1957. 

100. Wald, G.; Brown, P. K., and Kennedy, D.: 
The Visual System of the Alligator, J. Gen. 
Physiol. 40:703, 1957. 

101. Wald, G., and Burg, S. P.: The Vitamin 
A of the Lobster, J. Gen. Physiol. 49:609, 1957. 

102. Wald, G., and Hubbard, R.: Visual Pig- 
ment of a Decapod Crustacean: The Lobster, 
Nature, London 180:278, 1957. 

103. Wald, G., and Brown, P. K.: The Vitamin 
A of a Euphausiid Crustacean, J. Gen. Physiol. 
40 :627, 1957. 

104. Barnholdt, B., and Hjarde, W.: Chromato- 
graphic Separation of Five Vitamin A, Isomers 
from the Eyes of Deep-Water Prawns (Pandalus 
Borealis), Acta physiol. scandinav. 41:49, 1957. 

105. Yoshida, M.: Spectral Sensitivity of 
Chromatophores in Diodema Setoseem (Lerke). 
J. Exper. Biol. 34:222, 1957. 

106. Blough, D. S.: Spectral Sensitivity of the 
Pigeon, J. Optic. Soc. America 47 :827, 1957. 

107. Oyamada, K.: Studies on the Effect of 
Methionine on Visual Physiology, Acta soc. ophth. 
japon. 61 :432, 1957. 

108. Carli, H.: The Demonstration of Visual 
Purple by Histochemical Means, Compt. rend. Soc. 
biol. 150:1988, 1957. 

109. Matsumoto, T.: The Effect of Tyrosine and 
Tyranine on the Regeneration of Visual Purple, 
Acta Soc. ophth. japon. 61 :1834, 1957. 

110. Tani, Y.: The Action of Thyroid and 
Thyrotropic Hormone on Rhodopsin Regeneration, 
Acta Soc. ophth. japon. 61 :1837, 1957. 


Dische 


111. Ishiguro, K.: Creatine Phosphokinase and 
Phosphomonoesterase of the Retina, Acta Soc. 
ophth. japon. 61 :1287, 1957. 

112. Inokeichi, M.: Succinic Dehydrogenase and 
Lactic Dehydrogenase of the Retina, Acta Soc. 
ophth. japon. 61 :1304, 1957. 

113. Sasaki, T.: Effect of Stress on Retinal 
Metabolism, Acta Soc. ophth. japon. 61 :1253, 1957. 

114. Esposito, M. D.: Hypophyseal Corticotropin 
and the Metabolism of the Retina, Gior. ital. 
oftal. 10:57, 1957. 

115. Auricchio, G.: The Potassium Content of 
the Retina in Varied Experimental Conditions, 
Ann. ottal. e clin. ocul. 83:123, 1957. 

116. Ezuka, F.: Studies on ATP of the Retina, 
Jap. J. Ophth. 1:12, 1957. 

117. Nakazawa, H.: Histopathology of the 
Retina with Special Reference to Fat Substances, 
Acta Soc. ophth. japon. 61:1276, 1957. 

118. Dartnall, H. J. A. D.: The Visual Pigment, 
London, Methuen & Co., Ltd., 1957. 

118a. Sorsby, A.; Newhouse, J. P., and Lucas, 
D. R.: Experimental Degeneration of the Retina: 
I. Thiol Reactors as Inducing Agents, Brit. J. 
Ophth. XLI:309, 1957. 

119. Polatnick, J.; La Tessa, A. J., and Katzin, 
H. M.: Comparison of Bovine Corneal and Scleral 
Mucopolvsaccharides, Biochim. et biophys. acta 26: 
361, 1957. 

120. Dohlman, C. H.: Incorporation of Radio- 
active Sulfate into the Rabbit Eye, Acta ophth. 
35:115, 1957. 

121. Heydenreich, A.: The Morphological and 
Microchemical Behavior of the Pigment Granules 
of the Eye, von Graefes Arch. Ophth. 159:162, 
1957. 

122. Dardenne, U.; Leydhecker, W., and Hel- 
ferich, E.: Cholinesterase in the Iris of Men and 
Cattle, von Graefes Arch, Ophth. 158:434, 1957. 

123. Cibis, P. A.; Constant, M.; Pribyl, A., and 
Becker, B.: Ocular Lesions Produced by Iodoace- 
tate, A.M. A. Arch. Ophth. 57:508, 1957. 

124. Ito, Y.: Study on the Respiration and 
Glycolytic Activity of the Ciliary Body, Acta Soc. 
ophth. japon. 61 :532, 1957. 

125. Fukazawa, A.: Effect of Thiamine Defi- 
ciency on Tissue Respiration of the Irido Ciliary 
Body, Acta Soc. ophth. japon. 61:731, 1957. 

126. Hama, H.: Studies on the Ocular Tissue: 
B-Glucuronidase, Shikoku Acta med. 10:32, 1957. 

127. de Bernardinis, E., and Gaipa, M.: Histo- 
logical Changes Due to Iodoacetate in the Ciliary 
Body of Rabbits and Modifications of the Nucleic 
Acids in the Retina and Uvea, Arch. ottal. 61 :259, 
1957. 


685 


q 
tt 
ede 
a 
a 


News and Comment 


GENERAL NEWS 


Section on Ophthalmology, American Medical Association.—The Annual 
Scientific Session of the Section on Ophthalmology, American Medical Associa- 
tion, was held in San Francisco from June 24 to 26, 1958. Approximately 400 
persons, a record for attendance on the West Coast, were present throughout 
the meeting. Prof. Gosta Karpe, of Stockholm, Sweden, was the Guest of Honor 
of the Section. 

The following prizes and honors were awarded: 


1. The Prize Medal in Ophthalmology was awarded to Peter C. Kronfeld 
for his many contributions to our specialty. 

2. The $250 prize for the best exhibit was awarded to L. K. Garron, M. J. 
Hogan, W. K. McEwen, and M. L. Feeney for their exhibit, “Electron Micros- 
copy of Ocular Tissue.” 

3. The $250 prize was awarded to Warren A. Wilson for his paper, “Galac- 
tosemia with Associated Cataracts in Children,” judged on the basis of presenta- 
tion and originality. 

The following officers were elected: Frank B. Walsh, Chairman; Philip M. 
Lewis, Vice-Chairman; Henry F. Allen, Assistant Secretary; Ralph O. Rychener, 
Delegate to House of Delegates; W. Howard Morrison, Alternate Delegate to 
House of Delegates; Frank W. Newell, Representative to Scientific Exhibit. 


PERSONAL 


Dr. John R. Fair.—Dr. John R. Fair has been promoted to be Associate Professor 
of Surgery (Ophthalmology) at the Medical College of Georgia, Augusta. 


SOCIETY NEWS 


American Ophthalmological Society.—At its recent meeting, the American 
Ophthalmological Society elected the following officers for the coming year: 
President, Dr. Derrick Vail, Chicago; Vice-President, Dr. Algernon B. Reese, 
New York; Secretary-Treasurer, Dr. Maynard C. Wheeler, New York; Editor, 
Dr. Gordon M. Bruce, New York. 


ANNOUNCEMENTS 


Seminar on Glaucoma.—A seminar on glaucoma with particular emphasis 
on gonioscopy and the study of the anterior angle will be given at the Brooklyn 
Eye and Ear Hospital on Nov. 17, 18, and 19, 1958. Ample opportunity for 
practical instruction in the use of the gonioprism will be given, and material 
from the glaucoma clinic will be utilized. 


The Course will be given by Drs. Daniel Kravitz, assisted by Drs. Mortimer 
A. Lasky, A. Benedict Rizzuti, Abner S. Rosenberg, Nicholas P. Tantillo, and 
Samuel Zane. 

Registration is limited to six ophthalmologists only. 

Application and the fee of $50 may be addressed to Dr. Daniel Kravitz, 
Brooklyn Eye and Ear Hospital, 29 Greene Ave., Brooklyn 38. 


ophthalmic products 
with distinctive advantages... 


e their wide-spectrum bactericidal activity includes 
ALL clinically isolated strains of Pseudomonas aeruginosa, 
a serious invader noted for the rapidity of its destructive powers. 


e their component antibiotics rarely sensitize. 


ANTIBIOTIC OPHTHALMIC SOLUTION 


Available in bottles of 10 ce. with sterile dropper. 


brand Polymyxin B-Bacitracin-Neomycin 


ANTIBIOTIC OINTMENT 


Available in % oz. ophthalmic tubes. 


brand Polymyxin B-Bacitracin-Neomycin 
with 1% Hydrocortisone 


ANTIBIOTIC OINTMENT 


Available in % oz. ophthalmic tubes. 


& BURROUGHS WELLCOME & CO. (U.S.A.) INC., Tuckahoe, New York 


q 

ay 


an important problem 
in today’s living! 


The following articles from TODAY’S @EAIFH are nt 
available in one pamphlet for 50 cen 


ALCOHOLICS ANONYMG Written fj the standpoint a member, the basic treat- 


ment procedures are de@@tibed and tne hdlogical problems€gpfronting the alcoholic_ag 
discussed. 


ALCOHOL AND CIRRHG DF THE LIVER. Relationship J@fweenlechol, di 2 ad 
cirrhosis. Increasing stress on nu differences. by Russell S. Bove 


HOW TO HELP A PROBLEM DRINKERS @inderstanding the alcoholic’s capabili ior 
necessity of help, causes of his condition. dwami A. Strecker and Francis T. Bort’ Jr. 


THE TREATMENTS COHOLISM@T racing the steps from convi the alcoholic 
that he is sick through treat Lewis Inman Sharp 


CONDITIONED R TREATMENT OF CHRONIC ALCOHOLISM. place 
among methods of treatmé® today, its development and correlation with personality factd 
by Walter L. Voegtlin 


INSTITUTIONAL FAC ES FOR THE TREATMENT OF ALCOHOLISM. 
parative differences, in drinki ith the last century, new establishments and metlfOds of 
treatment, lack of trained . by E. H. L. Corwin 


other pamphlets available 


ALCOHOLIS 
on Alcoholism. by Marvin A. Block 


1AM THE 
16 pages, 20 cents 


HOW EXPERTS MEASUR 
room case. by H. A. Heise, 8 pages, 15 cents 


BARBITURATES, BOOZE AND OBITUARIES. 
alcohol and barbiturates. by Donald A. Dukelow, 4 pa 


TWELVE STEPS FOR ALCOHOLICS. A fran 
behavior. by Richard Lake, 6 pages, 10 cents 


address requests to... 


ORDER DEPARTMENT 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN STREET, CHICAGO 10, ILLINOIS 
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A disgussion by the Chairman of A.M.A.’s G@ipmittee 
4 page ts 
ALG@HO Thug articles combingdy by Virginia Conroy, 
discussiogfof Phe: of mixing 
bs, 10 
discussion of the meaning of an alcoholic 


WIDE FIELD 
vox Reading Vision with 
VOLK CONOID 


LENSES 
AMERICAN BIFOCAL CO., 
| Clear Vision Across 40mm Diameter 
The Use of Aspheric Curvatures Makes Possible 40mm diameter 
Lenses in Powers from 15 to 100 diopters 


Patient with defect in central retina and severe visual loss. 


Patient's distance correction: 

R+4.50  -—3.00x90 20/300 

L +4.00 20/1000 
Prescription for reading: 

R +30 D VOLK CONOID, +4.50, —3.00 x 90 


R +34.50, —3.00 x 90 VOLK CONOID 
(+14.50, +11.50 curves on rear surface) 

L +4.00 Sphere 

P.D. = 64mm 40mm round lens’ 

D.B.L. = 24mm 6” temple 

Adjustable nose pads Zyl or metal frame 


Incorporated 
L +4.00 Sphere 
(jose Final Glasses Contain: 


With the above Rx, patient reads newsprint with right eye 
. . . uses left eye for orientation. 


VOLK CONOID LENSES AVAILABLE in 40mm and 37mm DIAMETERS 


AMERICAN BIFOCAL COMPANY INC. 


A B Q EXCLUSIVE MANUFACTURERS OF VOLK CONOID LENSES 


FOREMOST PRODUCERS OF MULTI-FOCAL LENSES 
PROCESS 


1440 ST. CLAIR AVENUE 
CLEVELAND 14, OHIO 
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LAMINATED SAFETY LENSES 


. . . . have been providing positive and practical Eye Protection for more 
than 25 years. Mark your RX ‘Motex’—and be certain your patient is 
protected. Motex Laminated Safety Lenses are available for any ophthalmic 


correction. Write for interesting “Facts About Safety Lenses.” 


OPTICAL INDUSTRIES, INC. 


1701 GENT AVENUE 


MATALENE SURGICAL INSTRUMENTS CO., INC. 


Grand Central Palace Building 
125 EAST 46th ST., N. Y. 17, N. Y. YUKON 6-5268 
Successor to the E. B. Meyrowitz Surgical Instruments Co., Inc. 


IMPROVED MODEL MADDOX WING TEST 


Horizontal and vertical deviations and cyclo- 


phoria may be measured on the chart of this instru- 
| ment. The red arrow points to a vertical row of red 

figures and indicates the degree of hyperphoria. The 
white arrow points to a row of horizontal figures and 
indicates es- or exophoria. This new model has been 
improved by the addition of two movable arrows 
which the patient slides back and forth on their own 
tracks. The examiner will then be certain that he 
is getting a correct indication from the patient of 
the exact amount of phoria present. Cyclophoria is 
denoted when the red arrow does not appear parallel 
to the horizontal white line and its degree is recorded 
on the small scale at the right of the chart. The 
working distance is 33 ems, and the horizontal and 
vertical deviations are recorded in prism diopters. 


Price $29.50 


SEE US AT THE A.A.0.0. MEETING 
BOOTHS 81 & 82, PALMER HOUSE, CHICAGO, ILL., OCT 12 THRU OCT 17 
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ARMORLITEHES 
stop everything but the fight 


RMORLITEH LENS oo, inc. 


the developers of hard plastic lenses 


117 EAST COLORADO ST - PASADENA, CALIFORNIA 


THE CHICAGO OPHTHALMOLOGICAL SOCIETY ¢ 1959 CLINICAL CONFERENCE 
February 13 and 14, 1959 The Drake Hotel, Chicago, Illinois 


SPEAKERS: 


Paul A. Chandler, M.D. J. Robert Fitzgerald, M.D. Frank W. Newell, M.D. 
Charles E. Iliff, M.D. William F. Hughes, M.D. Charles Oldfield, Jr., M.D. 
Samuel J. Kimura, M.D. Gilbert Iser, M.D. John H. Olwin, M.D. 
John Harry King, M.D. Bertha Klien, M.D. Frank Pirrucello, M.D. 

J. Vernal Cassady, M.D. Theodore Zekman, M.D. 


SUBJECTS: 


Symposium: Management of Surgical Conditions of Lids and Lacrimal Apparatus. 
Management of Uveitis Management of Cardiac Arrest 
Plastic Surgical Principles Glaucoma Management 
Prophylaxis and Treatment of Vascular Occlusions Present Status of Preserved Eye Tissue for 
Clinical Value of Electroretinography Transplantation. 


Fee: $45.00 (Includes Round Table Luncheons and Buffet Supper following Gifford Lecture.) 


Registrar: Mrs. Edward J. Ryan 
1150 North Lorel Avenue 
Chicago 51, Illinois 


THE FIFTEENTH ANNUAL GIFFORD MEMORIAL LECTURE 
Paul A. Chandler, Boston, Massachusetts 
Friday, February 13, 1959, The Drake Hotel 5:15 P.M. 


The Chicago Ophthalmological Society welcomes all physicians to attend the Lecture. 
A buffet supper which follows is open to physicians and their wives. 


= 

\S 

‘ 

ON 

S 
The 


is $438 
Lens 34%” x 2%”, 6.50 D. 


i-gard precision MAGNIFIERS 


Judge them from any standpoint and you'll agree that 


plastic lenses also have high resistance to breakage. 
I-Gard magnifiers are in a class by themselves. 


Comfortable, steady handling results from amazingly 


Accurate magnification for eye comfort is unsurpassed 

. assured in most types by Aspherical lenses covering 
the widest possible field of view, with perfect distortion- 
free vision from edge to edge. The remarkable I-Gard 


light weight, perfection of balance and grip design. 
Perfect gifts . . . handsomely mounted on ivory-tinted 


frames. Get full information from your I-Gard distributor, 
or write us. 


24 MODELS . . . HAND, STAND, FOLDING . . . VARIOUS SIZES AND POWERS 


4x10D. 


x 1%", 


$442 
Hand Reader 
4” x3”, 8D. 


$428 Stand Readers 
Cataract . 4 Sizes... 
Stand Reader Monarch shown 


50 mm. dia., 642” x 44%” len 
20 D. 4.50 D. 
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wo McLEOD Optical Company, Inc. 357 westminster street, Providence 1, Rhode Island 


For the OPHTHALMOLOGIST and his associates in GENERAL PRACTICE. 
The two instruments complimenting the SCHIOTZ TONOMETER. 


BERENS-TOLMAN OCULAR HYPERTENSION INDICATOR 


This instrument is a direct reading 
tonometer that needs no adjust- 
ments or charts. 


It is set to 25 mm. Hg. and shows 
instantly upon being applied to 
the cornea if the tension is above 
or below that point. 


All metal parts are stainless steel 
and are made exactly to the 
standards of the Schiotz Tonom- 
eter. 


Complete descriptive booklet is furnished with each 


instrument. 
Price $18.50 


TOLMAN TONOMETER MICROMETER 


An ideal instrument for checking the readings of the 
Ocular Hypertension Indicator and the mechanical ac- 
curacy of the Schiotz Tonometer. 


The top of the instrument is 
an exact 16 mm. radius test 
block and the dial is gradu- 
ated 0 to 20 same as the 
Schiotz Tonometer. 


Made to the same exact standards as the Ocular Hyper- 
tension Indicator. 


Price $25.00 


Available at all Optical and Surgical Suppliers 
Manufactured By 


225 Cadwalader Ave. 
: Schiotz Tonometer Standardization—Repair—Maintenance Service 


R. O. GULDEN 


Philadelphia 17, Penna. 
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SAUER 
Corneoscleral 
Suturing | 
Forceps | 


A beautifully, delicately made forceps for fine bites of cornea when minimum trauma but 
maximum security of tissue edges is desired. Stainless. (OP-3325) Each, $7.50 


| SAUER 


Debrider 


Are-shaped, 8 mm. debrider with flat surface 1 mm. wide on the inside of the arc. Debrider 
is dull, at about a 45° angle to the Standard eye instrument handle. Stainless. (OP-1715) 
Each, $9.00 


a EO. 


330 South Honore Street 
Chicago 12, Illinois 


DALLAS ¢ HOUSTON ¢ LOS ANGELES ¢ ROCHESTER, MINN. 


“CONTACT LENSES" 
new 800-page book 


1) 800 pages of pertinent information on all phases 
of contact lenses. 


B 197 illustrations, many in full color. 


More than 600 papers and textbooks cited in 
bibliography. 


Authors: Theo. E. Obrig and Philip L. Salvatori, 
well-known pioneers in the field. 


5) Just published. $15 per copy. 


Send your order to: 


49 East 51st Street, New York 22 
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THE BRAWNER G-L 
A Medern Inclusion Implant 


is the ideal implant for enucleation operations. 
It is designed to simplify the operation—Eliminate muscle isolation—Minimize 

the possibility of extrusion or migration—Shorten post-operative hospital time— 

AND— 

“It lets the patient decide” if he prefers a less-expensive conventional plastic reform 

eye with limited motility, or a Custom “Matching-back” prosthesis for adequate 

motility. 


Fan information, including description, 
prices and operative technique, as sug- 
gested by Dr. Brawner, will be sent on 
request. 


Top-Grade Technical Performance 


- @ Safeguard for Your Professional Skills and 
Judgment. 

“os rr {Your prescriptions, conceived from your rich fund 
QUALITY SE RVICE of scientific knowledge laboriously developed 
eee re through years of study, training and experience, 
2 skills « are at the mercy of the dispensers who inter- 

pret them. They will be safe in the hands of 

Dow seasoned craftsmen, whose devotion to the 

exacting standards which your professional rep- 
utation demands, and which our firm has 
consistently maintained throughout its 3! years 
of existence, is a guarantee of complete patient 
satisfaction. 


DOW OPTICAL CO. 


W. E. DOW, Pres. 


Bloomington, Ill. 


Richmond 19, Virginia 


IF you live in a 
STARRED CITY kkkke 
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BATON ROUGE 
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RMINGHAM 
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BRIDGEPORT 
BROOKLYN 
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CHARLOTTE 
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HUNTINGTON 
INDIANAPOLIS 
JACKSON, MISS. 
JACKSONVILLE 


delivered faster when you include your 


DELIVERY ZONE NUMBER 


MIAMI 
| h dd MILWAUKEE 
n the adaress MINNEAPOLIS, 
NASHVILLE 


B E TTE R service because your mail F. AS TER service because you show your NEW WAVEN 


passes through fewer hands...delays are complete address when you include your nM 


avoided . . . distribution to and from your Postal Zone Number. Delivery Zones are OAKLAND idee 
local Post Office is speeded. specific... | ...and mail bearing similar OMAHA 


street numbers or names will be delivered PAE Ae. PuEA 


PITT H 
more promptly. PORTLAND, OREG. 
Make sure that your mail gets the best service possible . . . always include ROCHESTER 

your DELIVERY ZONE NUMBER in writing to addresses in the cities listed on eT LAEE CTY 


the right. If your city has Zone Numbers, be sure to check with your local SAN ANTONIO 
‘ SAN DIEGO 
Post Office to make certain that you have your correct Zone Number , . . and SAN FRANCISCO 


always include your own Zone Number in your return address on your mail. 


IMPORTANT = When having personal or business stationery printed, SOUTH BEND 


SPOKANE 
be sure to include your own Postal Zone Number in the address. SPRING FIELD, MASS. 
ST. LOU 


ST. PAUL 
ST. PETERSBURG 
STATEN ISLAND 

i i is presented in appreciation of the work of + ACOMA 
the United States Postal Employees by: Y= i TAMPA, 
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New Near Chart 


GUIBOR Symbol Near Chart now available 
in durable and soilproof plastic. Gives dis- 
NEARPOINT “E” CHART tance equivalents, as weil as quantitative 

measurements for near vision, E Symbol 


e understood by all. A 
TO BE HELD FOURTEEN INCHES FROM THE EVE bi'y 
Place your order now. * 


$3.25 


a 
100.0% 


OPHTHALMIC 
| OPTICIANS 
DISPENSING SERVICE . WHOLESALE B SERVICE 


Main Office: ; Branch Office: 
ITl N. Wabash Ave., at Wash. 1139 Central Ave., Wilmette, Ill. 
Chicago, Illinois 


OPTICAID’ 


Magnifies equal to 3 times 
in 3 dimensions with 
focal distance of 12 inches 


Substantial improvement in cases of low visual acuity is reported 
by Ophthalmologists with this revolutionary “3D3” Oprticaip 
Spectacle loop. 

Each “3D3” Opricaip loop is light in weight, perfectly bal- 
P r 0 d u Cc t S C 0 - anced. Its lenses give high luminosity in a wide field of view. 
Permits adjustment of the pupilary distance from 58mm _ to 
70mm. Provision is made for prescription glasses when neces- 
Dept. E, 480 Lexington Avenue sary. “3D3” Oprticaip opens a whole new area of service, 
New York 17, N. Y. enabling you to offer substantial aid to many cases of retarded 

vision. Write for full details. Retail Price $50. 
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For a quick, easy and acurate VISUAL FIELD testing 


PERIMETER 


OF DOCTEUR — 


® BOWL made of transparent plastic. White screen painted 


on the inside ; meridians and parallels engraved on the outside. 
Iiumination uniform and ajustable. 


A Ever-clear TEST OBJECT projected from the outside, the 
position of which is easy to mark. 


@ During the testing, the limits of the visual field are designed 
straight on the bowl. After examination, they are recorded on 
special tracing paper CHARTS. Scotomas can be recorded apart, 
directly traced on the bowl, with the accuracy of a CAMPIMETER. 
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QUARTERLY CUMULATIVE 
INDEX MEDICUS 


YOUR GUIDE TO MEDICAL LITERATURE 


Divided into sections, one devoted to books and the other 
to periodical literature, the QUARTERLY CUMULATIVE 
INDEX MEDICUS contains a list of current publications 
alphabetized as to authors and subjects. The exact 
bibliographic reference is given under the author with 
titles in the original language, while titles under subjects 
are all in English. The index also includes a listing of 
journals, addresses and publishers. 


LISTED BY AUTHORS AND SUBJECTS 


The QUARTERLY CUMULATIVE INDEX MEDICUS 
appears twice a year; volumes are cloth bound and cover 
periodicals for six months as indicated on the publication. 
These two volumes will be a convenient and inclusive 
reference for current medical literature. Invaluable for 
practitioners, specialists, teachers, editors, writers, in- 
vestigators, students and libraries. 


SUBSCRIPTION PRICE $25.00 PER YEAR 
CANADIAN AND FOREIGN $27.00 PER YEAR 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN STREET 
CHICAGO 10, ILLINOIS 


twins quality... 


In bifocals, some like ’em wide and quality and both have Nu-Line treat- 
others like °em wider. Univis D-25 ment of the segment lines. This treat- 
mm. and D-28 mm. multifocals are ment assures you happier patients as 
perfect answers for your wide seg- well as positive identification. 

ment Rx’s. Both have superior Univis 


Now ...as always... corrected curves 
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Made, serviced and warranted by UNIVIS LENS Company 
Dayton, Ohio 
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[Hide Your Lys 


When a person has his picture taken wearing 
glasses, ever notice the reflections on the lenses ? 
These are “ghost images.” MAY-O-LITE, a 
Low Reflection Lens Coating, reduces reflec- 
tions up to as much as 95 per cent, yet increases 
light transmission. 

Your Professional Service By Adding 


The Best in Sight 
MAY-0-LITE 


Low Reflection Coating 
MAY RESEARCH, INC., Box 1181, Minneapolis 1, Minn. 


OPHTHALMIC EQUIPMENT 


BAUSCH & LOMB 


REFRACTING UNITS TEST LENS SETS 
CHAIRS—ALL TYPES TRIAL FRAMES 
SLIT LAMPS RISLEY ROTARY PRISM 
KERATOMETER PRISM BARS 
VERTOMETER OCCLUDERS 
PERIMETER TEST OBJECTS 
ACUITY PROJECTOR TONOMETERS 
GREENS REFRACTOR MADDOX ROD 
ADJUSTABLE TABLES RED GLASS 
STOOLS—ALL TYPES 
COLOR BLINDNESS CHARTS 
HOLMGREN’S COLOR TEST 
GLASS & PLASTIC PRISMS 
MORTON OPHTHALMOSCOPE 
COPELAND STREAK RETINOSCOPE 
SCHEPENS BINOCULAR 
INDIRECT OPHTHALMOSCOPE 


DIAGNOSTIC INSTRUMENTS AND SURGICAL INSTRU- 
MENTS ARE OUR SPECIALTY 


ALL TYPE OF EQUIPMENT AND INSTRUMENTS 
REPAIRED AND SHARPENED 


WE EXPORT TO ALL PARTS OF THE WORLD 
QUICK DELIVERIES 
Phone, GRamercy 5-0585 


S. G. KREBS CO., INC. Distributors for 


Bausch & Lomb 
351 Second Avenue Reliance © Welch-Allyn 
New York 10, N. Y. Nat. Elec. Inst. Co. 


DVORINE 


PSEUDO- 
'ISOCHROMATIC 
PLATES” 


OFFER THESE 
EXCELLENT 
FEATURES 


® Distinguishes the color-blind from the color-ignorant 


© Classifies the color-blind accordi to and 
Severity of defect 


® Special arrang t p ts malingering. 
Complete directions with each set 8 


*The Dvorine Color Vision Test is acceptable to the 
Administrator of Civil Aeronautics as a test of . 
color vision in Civil Airmen. 


Price of set $15.00 
Less 5%, if check accompanies order 
SCIENTIFIC PUBLISHING CO. 


Dept. A—2328 Eutaw Place 
Baltimore 17, Maryland 


NEW YORK UNIVERSITY 
POST-GRADUATE MEDICAL SCHOOL 


offers the following postgraduate courses 
in ophthalmology 
NEURO-OPHTHALMOLOGY 
A part-time course from January |9 through 23, 
1959. Under the direction of Dr. Alfred Kesten- 
baum. Tuition $55. 
ANNUAL REVIEW OF OPHTHALMOLOGICAL 
ADVANCES 
A two-and-one-half-day conference, February 12 
through 14, 1959. Given under the direction of 
Professor A. Gerard DeVoe. Tuition $100. 
MOTOR ANOMALIES OF THE EYE (PART I) 
(FOR SPECIALISTS) 
A full-time course from March 2 through 7, 
1959. Given under the direction of Dr. Harold 
W. Brown. Tuition $100. 
MOTOR ANOMALIES OF THE EYE (PART I!) 
(FOR SPECIALISTS) 
Continuation of Part |, March 9 through March 
13, 1959. Tuition $85. 
OCULAR EXPRESSIONS OF SYSTEMIC DISEASE 
A part-time course, March 16, through 20, 1959. 
Given under the direction of Dr. Isadore Givner. 
Tuition $55. 
For further information: 
Office of the Associate Dean 
New York University Post-Graduate 
Medical School 


550 First Avenue New York 16, N. Y. 
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Eyes don’t change... 
. but instruments do 


Removable 
rubber cap 


Positive 
“OFF” 
rheostat PERMAFIT 
stainless steel 
ne-han m4 collar assures 
control of i>=s" tight fit 
lens and 
selection 


brilliant, all-new 
WELCH#ALLYN 
OPHTHALMOSCOPE 


and improved battery handles 


From years of research comes this new in- 
strument, distinguished alike by its contem- 
porary good looks, superb optical system and 
convenience of operation. Like all Welch 
Allyn instruments, it is designed for long, 
trouble-free life. No. 121 ophthalmoscope, 
head only, $38.00. In combination sets, from 
$73.50 to $82.00. 


Extended | \ / 
light shield ( 
e 
4 
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WELCH ALLYN 
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The Burton 
De-Luxe Ophthalmic Chair & Unit 


Precision built and ideally suited for the modern refractin 

room, the Burton De-Luxe Ophthalmic Chair & Unit will 
provide the utmost in convenience for you and relaxation for 
your patients. 

Features: 

Toe controlled children's foot rest elevator © new fully-ad- 
justable arm rests © complementary-colored upholstery °* 
completely adjustable buck and head rests © ball bearing 
swivel joints for easy maneuverability © back reclines 90 de- 
grees © chair rotates 360 degrees © air foam cushions for 
relaxed refractions © chair raises to 34" © universal arm for 
all phoroptors © finite phoroptor adjustment-knob © available 
in coral, green or ivory cream ® extra instrument or contact 
lens fitting tray © easy view instrument panel © beautifully 


finished © fully guaranteed. 
Only $945.00 F.O.B. 


See your local optical supply house 


R. G. BURTON CO. 


MANUFACTURERS DISTRIBUTORS 
MAIN OFFICE EASTERN DIVISION 

2012 Bagley Ave. 113 Worth Street 
Los Angeles 34, Calif. New York, New York 


A.M.A. SPECIALTY JOURNALS REACH THE CORE OF SPECIALIZED 
PRACTICE . . . subscribe NOW to: 


—»A.M.A. Archives of INTERNAL MEDICINE 
> A.M.A. Archives of PATHOLOGY 
> A.M.A. Archives of OPHTHALMOLOGY 


Write to: 
THE AMERICAN MEDICAL ASSOCIATION 
535 North Dearborn Street 
Chicago 10, Illinois 


INEXPENSIVE HOME TRAINING 
with Cur P a x ® equipment 


Pigeon Cantonnet ............ $8.40 
Diploscope ....2...scceceess $8.00 Remy Separator ............ $5.00 


For complete details ask your dealer, or write for Leaflet C-17 


CURRY & PAXTON, INC. 
866 Willis Avenue Albertson, L. I., N. Y. 


“Helping the World to Better Vision” 
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TWO NEW 
Suture Forceps 


For 


m= Corneal, Scleral 
and Cataract 
Work 


By Ramon Castroviejo, M.D. 


E-1798* Forceps, Suturing, CASTROVIEJO: for corneal 
and cataract work. New wider handle with 
special serrations for positive grip. Delicate 
1 x 2 extra fine teeth, 0.5 mm., reducing trauma 
to the tissues. Teeth set at oblique angle. Close 
to the teeth two flat surfaces coming in contact 
with each other when closed. 


Forceps is valuable in corneal work, permitting 
fixation of a fraction of the thickness of the 
cornea, therefore accurate placement of sutures 
in external layers of host and graft. Delicate 
enough to be used as iris forceps. $21.50 


E-1799* Forceps, Suturing and Utility, CASTROVIEJO: 
for scleral and cataract work. New wider handle 
with special serrations for positive grip. 1 x 2 
longer 1.5 mm. teeth, at oblique angle. Close to 
the teeth two flat surfaces coming in contact 
with each other when closed. Teeth are firm, but 
fine enough to minimize trauma. $21.50 


NEW Scissors \ 
ror Enlarging 
Cataract Incisions 


By Ramon Castroviejo, M.D. 


E-3300* Scissors, CASTROVIEJO: for enlarging corneal 
E-3301* section, New Model. 


Inner blade, introduced into anterior chamber, 
is 1 mm. longer than the outer, or upper blade. 
It is blunt and rounded like a spatula, which 
minimizes trauma to iris and endothelium. Blades 
are curved to conform to curve of limbus. 


The longer blade need not be removed from eye 


upon each closure of blades, so that unless de- E-3300 
sired, reintroduction of the blade after each cut E-3301 
is not necessary. 
Each $17.50 *Designates Stainless Steel 
STORZ INSTRUMENT COMPANY e 4570 AUDUBON AVENUE e ST. LOUIS 10, MO. 


New York Showroom: 809 Lexington Ave. 


EALTH PROBLEMS 
‘MEDICAL CARE 
L EDUCATION AND 
HOSPITALS. 
CAL ECONOMICS” 


WHAT WE KNOW ABOUT ALLERGY 
by Louis Tuft, 12 pages, 15 cents 


HOUSE DUST ALLERGY 
by Karl D. Figley, 8 pages, 15 cents 


FOOD ALLERGY 
Of interest to you by Semuel M. Feinberg, M.D.. 6 poges, 10 cents 


SKIN ALLERGY 
and your patients by Samuel M. Feinberg, M.D., 6 pages, 10 cents 


ASTHMA AND HAY FEVER 
by Samuel M. Feinberg, M.D.. 6 pages, 10 cents 


THE MENACE OF ALLERGIES 


RAGWEED AND HAY FEVER 
by Oren C. Durham, 2 pages, 5 cents 


AMERICAN MEDICAL ASSOCIATION 
$35 NORTH DEARBORN STREET @ CHICAGO 10 © ILLINOIS 


> 
-A.M.A. HEALTH PUBLICATIONS CATALOG 
BUREAU OF HEALTH EDUC 
AMERICAN MEDICAL Assoc 
w<s 
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The 


All surfaces stegife 
Medicati erile, buffered, isotonic 


convenience 
No preliminary preparation required 
Clip end of polyethylene bag 


Drop unit on sterile surface 
Remove dropperette cap and proceed 


CLONOINY 


Lowest priced surgical unit available 
- Sufficient for post operative treatment 
Sufficient for complete refraction 

No waste — No excess 


Surgery 


Write for samples and literature 


THE ISO-SOL CO..INC.. LINDENHURST, N. Y. 


Farmacia Panamericana, Panama City The Ranar Co., Montreal 


: 


MOST USEFUL 


e In Explaining Diagnosis to Patient 
e Lectures e Demonstrations 
» Student Reference 


e Study 
e Nurses Training 


Natural Size and Color Depicts: 


tris 

Pupil 

Suspensory Ligament of 
the Ciliary Processes 

Crystalline Lens and Extra 
Lens Simulating Cataract 

Ora Serrata 

Vitreous Humor 

Retina 

Papilla 

Arteries and Veins 

Macula 

Ciliary Body 

Ciliary Nerves 


Superior Rectus Muscle 
Inferior Rectus Muscle 
internal Rectus Muscle 
External Rectus Muscle 
Vortex Veins 

Choroid 

Superior Oblique Muscle 
Inferior Oblique Muscle 
Optic Nerve 

Anterior Chamber 
Uveal Tract 


Write for Descriptive Folder or Order on Our 


We offer a complete artificial 
eye service too—ask for folder. 


Mager and Gougelman tnt. 


Serving the Profession Since 1851 


30 N. Michigan Ave. 120 E. 56th St. 
Chicago 2, Illinois New York 22,N. Y 
CLEVELAND DETROIT HOUSTON (Soper Bros.) 
KANSAS CITY MINNEAPOiIS ST. LOUIS 
BOSTON PHILADELPHIA PITTSBURGH WASHINGTON 
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URGENT REQUEST 


The Uveitis Laboratory, University of California 
School of Medicine, San Francisco, is interested to 
obtain freshly enucleated eyes from patients with 
all types of uveitis and other endogenous inflamma- 
tions. Attempts are being made to isolate etiologic 


| agents from these eyes. 


The eyes should not be fixed in preservatives or 


. frozen, but placed in a sterile bottle, packaged, and 
_ shipped as quickly as possible. Please send speci- 
| mens air express, special delivery, collect. Enclose 
| history and findings and mark the package “Fresh 
Tissue Specimen—Rush.” 


A report of isolations of organisms and pathologic 


| findings, including a slide, will be sent to the con- 
_ tributor. Credit will be given in any resulting pub- 
_ lications if desired. 


Telegraph collect if specimen being sent. 
Send eyes to 
Somvel Kimura, M.D., Michoel J. Hogan, M.D., or 
Phillips Thygeson, M.D. 
University of California School of Medicine 
San Francisco 22 


Sleeplessness 


SO YOU CAN'T SLEEP? 
by P. H. Fluck 
8 pages, 15 cents 


SLEEPLESSNESS AND WHAT TO DO 
ABOUT IT by Donald A. Laird, Ph.D. 
8 pages, I5 cents 


ROADS TO RELAXATION 


by Joseph L. Fetterman, M.D, 
4 pages, 10 cents 


AMERICAN MEDICAL ASSOCIATION 
535 N. Dearborn St., Chicago 10. Illinois 


| 
Anatomical 
ASSEMBLED | 
| 
and what to,do about it 
Money Back Guarantee ..... only $25.00 | a 


TARGET”... 


for successful topical 
eye therapy... 


METIM 


(prednisolone acetate and sulfacetamide sodium) 


e ophthalmic suspension 


antiallergic - antibacterial - anti-inflammatory 


e Ointment with neomycin 


a tie 


a complete armamentarium for 
topical eye therapy 


comprehensive therapy for ocular 
inflammation, infection, allergy 
METIMYD ophthalmic suspension 


METICORTELONE® Acetate 5 mg. (0.5%) and 
Sodium SuLAMyYp® 100 mg. (10%) each cc., 5 cc. 
dropper bottle. 


for more potent antibacterial effect 
METIMYD ointment with NEOMYCIN 


METICORTELONE Acetate 5 mg. (0.5%), Sodium 
SuLamyp 100 mg. (10%) and neomycin sulfate 
2.5 mg. (0.25%) each gram, % oz. applicator tube. 


for resistant ocular allergies _ 
METRET ON’ ophthalmic suspension 


METICORTELONE Acetate 2 mg. (0.2%) and 
CHLOR-TRIMETON® (chlorprophenpyridamine 
gluconate) 3 mg. (0.3%) each cc., 5 cc. dropper 
bottle. 


for ocular infections 


Sodium SULAMYD 
ophthalmic solution 


Sulfacetamide Sodium U.S.P. 30%, 5 and 15 cc. 


dropper bottles. 
Sulfacetamide Sodium U.S.P 10% with 0.5% 
methylcellulose, 15 cc. dropper bottle. 


Sodium SULAMYD 
ophthalmic ointment 


; Sulfacetamide Sodium U.S.P. 10%, % oz. tube. 
SCHERING CORPORATION 


BLOOMFIELD, NEW JERSEY 
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GENERAL WEAR 


M’s POPULARITY 
IS NO MYSTERY 


It takes no Sherlock Hulmes to solve why the 

Kurova M bifocal is going and growing. It’s elementary. 
Call it the case of the popular type, straight line, 

no jump, onepiece lens, wonderfully well made, and 
with the ability to fill many needs. 


Many doctors find M’s generous near field 
excellent for general wear. 


For certain jobs, many household tasks and 

for hobbies or avocations, M’s are often prescribed 
as a second pair to supplement smaller 

segment, “dress” bifocals. 


Artists, lecturers, architects and other patients whose 
vocations demand reading room find it to their 
complete satisfaction in M. 


As a training lens for children it alleviates 
“aiming” difficulties and eliminates the tendency 
to avoid using the near field. 


So Kurova M popularity is no mystery. A few pairs 
prescribed for a few patients will prove it. 


CONTINENTAL: INDIANAPOLIS 
FOR WIDE FIELD NEEDS 
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STRAIGHT LINE OMEPIECE BIFOCAL } 
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A FORMULA 
FOR 

UNUSUAL 
EFFECTIVENESS 


OPHTHALMIC SUSPENSION 


# Subdues tissue inflammation 
and exudation 

® Reduces local edema, allays 
irritation 

® Rapidly improves the appear- 
ance of the eye 

New container minimizes 
hazard of “treatment-induced” 
infection 

® Response to therapy is rapid, 
usually within 24 to 48 hours; 
the patient is generally 
symptom-free in 5 to 7 days. 


The complete Prednefrin 
formula combines prednisolone acetate 
0.12%, phenylephrine HCl 0.12%, 
methylcellulose 0.12%, in a.sterile, 
buffered base —for effective control 
of inflammatory and allergic conditions 
of the eyelids, conjunctiva, cornea, sclera, 
uveal tract, and following thermal or 
chemical burns. 
Dosage: 1 or 2 drops in the affected ia te | new 
eye two to four times a day. 2 

= im § cc. 


all-plastic 
dropper bottles 


ALLERGAN |{ CORPORATION os angetes 17, California 


ae 
fe 


